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ABSTRACT 
 
The present work aimed to study nomadic husbandry practices and the 
effect of season, aging and sex on meat quality of El-Kababish camels 
(Camelus dromedarius) under optimised feeding conditions.  
 
The results of husbandry practices indicated that illiteracy among camel 
owners was 48.6% and among shepherd was 56%. Average herd size was 
85.1 heads and breeding females represented 74.2% while breeding males 
amounted to 25.2%. The study revealed that sheep and goats were also 
raised beside camels. Castration of male camels was practiced for fattening 
purposes by 40% of the farmers. The majority of the herders practiced 
seasonal migration to the northern and southern parts of north Kordofan 
state. The study indicated the presence of twelve major camel diseases, and 
local medicine was extensively practiced in combating diseases. Most of 
the farmers (75.4%) indicated the use of the money returns from selling of 
camels for other activities rather than adding new animals to their herds.   
 
Effect of season on contractile and metabolic properties of Longissimus 
thoracis muscle was carried out on thirty fattened camels. The results 
revealed that season significantly influenced muscle chemical composition, 
ultimate pH (pHu) and color (P<0.01). Activity of metabolic enzymes in 
the muscle tissue was higher during autumn season compared to summer 
and winter. The glycolytic metabolism activity of phosphofructokinase was 
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+ 64% and oxidative isocitrate dehydrogenase was +145% in autumn and 
summer. Quantification of muscle myosin heavy chain isoforms indicated 
high proportion of type I in winter and type II in autumn (P<0.001).  
 
The study revealed that aging of camel longissimus thoracis muscle 
significantly influenced its chemical composition except ash (P<0.001). 
Dry matter and weep loss increased significantly while moisture and 
protein contents decreased. No differences were found in muscle pH, color 
and WHC while fat peroxidation showed insignificant increase and high 
levels of vitamin E were found during aging (16.4, 24.5, 12.8 and 18.4 µg/ 
g muscle).  
 
Sex revealed no significant differences in total intramuscular fat, insoluble 
OH proline as well as total OH proline content. Amino acid content was 
lower in males than in females (1460 vs. 1604 mg/ 100 g muscle, P<0.05). 
No significant differences were observed between sexes for total saturated, 
monounsaturated and poly unsaturated fatty acids. The ratio of PUFA/SFA 
and of n-6/n-3 of camel meat fatty acids was compatible with the 
recommended value for human nutrition (0.45 and 4.0). All together, these 
results confirm the high nutritive value of camel meat compared to meat 
from other ruminants. 
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   CHAPTER ONE 
                                               INTRODUCTION 
 
 
The desert camel is a drought tolerant animal adapted to harsh arid and semi-arid 
environmental conditions. It is also a good source of meat of low cost in areas 
where the climate adversely affects other animal’s production efficiency. The 
camel has great tolerance to high temperatures, solar radiation, water scarcity, 
sandy terrain and poor vegetation due to their unique anatomy and physiology as 
well as for their feeding habits (Shalash, 1983). The ability of camels to cope with 
food or water shortage is the result of a long evolutionary process in natural 
conditions where food and water availability seasonally and sharply fluctuates 
(Chilliard et al., 2005). There are 25 million heads of camels worldwide, of which 
20 million are found in Africa (FAO, 2010). Camel population in Sudan was 
estimated to be more than 4.6 million heads. Local consumption of camel meat 
has increased from 1,900 to 66,000 tons since the year 2002 (Ministry of Animal 
Resources, 2010).  
 
 
The potential of camel husbandry for food production in arid areas is well 
appreciated among scientists and some ecologists (Faye and Esenov, 2005). 
Improvement of camel husbandry can play an important role in the development 
of camel herds and development of the nomads who largely depend on their living 
through raising camels and their own strategies and practices to deal with different 
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climate crises to achieve their goals (Yaqoob and Nawaz, 2007). In Sudan, there 
are three main types of camel management  
systems: the traditional nomadic; semi- nomadic and sedentary systems which 
permit wide utilization of different types of the range lands (Abbas et al., 1992 
and Darosa, 2005).  
 
Camel used to be a symbol of social prestige in the past, but now it plays an 
important role in changing the the modern society. The role of the camel as a meat 
animal is becoming more important due to the versatile role it plays. The common 
opinion towards camel meat is that it is tough, coarse, watery and sweetish in taste 
compared to meats from other animals (Dawood and Alkanhal, 1995). This may 
be attributed partly to the fact that meat is considered secondary product in 
traditional systems of production where it is mainly obtained from old males and 
females at the end of their production life and became less effective in their 
primary roles of providing transportation, milk or as breeding females. In addition 
to that camels reach mature weight at 7 years of age when raised on natural 
browse due to fluctuation in food resources. The average live weights of a mature 
well finished male desert Sudanese camels was (456) kg (Babiker and Yousif, 
(1990). Camel carcass weight of (240 and 232) kg and dressing percentages of 
57% (of slaughter weight) and 63.8% (of empty body weight) were reported for 
fattened, mature male camels (Yousif and Babiker, 1989). Camel meat could be a 
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cheap option to meet the growing needs for meat in developing countries 
especially for low income population groups. There is evidence of a great demand 
for fresh camel meat and for camel meat in blended meat products even in 
societies not herding camels (Morton, 1984 and Pérez et al., 2000). This demand 
for camel meat appears to be increasing due to health reasons. Camel meat is 
healthier as they produce carcasses with less fat as well as having less level of 
cholesterol in fat compared to other meat animals (Kadim et al., 2008a). Fat is a 
late maturing body tissue, however, meat animals tend to deposit more fat during 
progress of age. This implies that meat industry should target younger camels for 
prime meat production, which is in line with other recommendations for 
slaughtering camels between 1 and 3 years of age (Dawood and Alkanhal, 1995, 
Al-Ani, 2004, Kadim and Mahgoub, 2006 and Kadim et al., 2006). Camel meat is 
also relatively high in polyunsaturated fatty acid (PUFA) in comparison to beef 
and this is considered beneficial to human health, due to anti-carcinogenic, anti-
atherogenic and immune-modulating properties of PUFA (Rawdah et al., 1994, 
Dawood and Alkanhal, 1995 and Mulvihill, 2001). These are important factors in 
reducing the risk of cardiovascular disease, which is related to saturated fat 
consumption (Giese, 1992). Moreover, Conjugated linoleic acids (CLA) (fatty 
acids that are found naturally in foods derived from ruminant animals) are 
reported to be anti-cancer, anti-atherogenic, antiadipogenic, anti-diabetogenic, and 
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anti-in? ammatory. They also have bene? cial regulatory effects on immune 
function, lipid and immuno-globulin production (Wahle et al., 2004). 
 
Feeding grass and linseed can have positive effects on the fatty acid profile 
(higher n-3 fatty acid and CLA percentages) which can contribute to human daily 
requirements for fatty acids, especially 18-3 n-3, EPA, DPA and DHA. Meat, milk 
and eggs are the only sources of long-chain n-3 fatty acids in the diet in addition 
to fish (Nuernberg et al., 2005). Red meat contains high biological value protein 
(20–25 g protein/ 100 g) and important micronutrients that are needed for good 
health throughout life. Protein from meat is highly digestible; around 94% 
(compared to the digestibility of 78% in beans and 86% in whole wheat). Meat 
also provides all essential amino acids (lysine, threonine, methionine, 
phenylalanine, tryptophan, leucine, isoleucine, valine). The amino acid glutamic 
acid/glutamine is found in high amounts in camel meat, followed by arginine, 
alanine and aspartic acid (Schaafsma, 2000 and Williams, 2007). The levels of 
amino acids, inorganic minerals and moisture content which is higher in camel 
meat compared to many beef products together with less fat (especially from 
young animals) (Kadim et al., 2008b, Herrmann and Fisher, 2004), clearly 
indicates high nutritive value of camel meat.  
 
It has been reported that, muscles from grass-fed animals have higher 
concentrations of vitamin E and higher oxidative stability compared with 
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concentrate-fed animals. Feeding grass silage caused a higher vitamin E 
concentration in beef compared to maize silage. Recent studies indicated the use 
of antioxidants, especially vitamin E to extend shelf life of meat by delaying 
lipid and colour oxidation (Wood et al., 2003).  
 
Many investigators reported that quality characteristics of the camel meat are very 
similar to that of beef if they are slaughtered at a comparable age. The age of 
camel has an important influence on the meat composition and meat quality and 
should be taken into consideration when slaughtering camels for meat 
consumption (Kadim and Mahgoub, 2006 and Kadim et al., 2008a). The quality of 
meat produced by younger camels is comparable to beef in texture (Yousif and 
Babiker, 1989). Chemically, camel meat is superior in moisture and protein 
content than beef and contains low fat percentage (Babiker and Tibin, 1986). As 
camels are generally used in less developed countries, research to improve meat 
characteristics is lacking (Skidmore, 2005). Little work has been published on the 
improvement of growth, body composition and meat quality of the camel. 
 
 
The objectives of this study are to characterize husbandry practices and different 
management strategies as well as muscle chemical properties and camel meat 
quality (Camelus dromedarius) under optimized feeding conditions.  
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Camel meat quality is linked to the conditions of rearing and to characteristics of 
the animal. The study was conducted in a frame of series of experiments which 
covered the following specific objectives: 
· To understand and specify the problems facing camel production and study of 
the nomadic husbandry practices of El Kababish camel herders in North 
Kordofan state. 
· To determine the influence of seasonal variation on contractile and metabolic 
properties of Longissimus thoracis muscle of El-Kababish camels. 
· To investigate the effect of aging time on the chemical composition and 
quality of El-Kababish camel's meat. 
· To study the effect of gender on the nutritive value of El-Kababish camel's 
meat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
7 
 
CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Camel Population: 
There are 25 million heads of camels worldwide, of which 20 millions are 
found in Africa (FAO, 2010). According to (Ministry of Animal Resources, 
2010), Sudan is the second largest country after Somalia with a camel 
population of 4.6 million heads (Fig. 2-1). Camel population in Sudan is 
growing regularly with a yearly growth of 2.6 % which is higher than the world 
growth of camel population (Faye et al., 2011). Most camels are raised within 
pastoral systems in Western states (Kordofan and Darfur) and eastern states 
(Kassala and Red Sea) of the country. Camel population is concentrated 
between approximately 100 and 300 mm rainfall (latitudes 12-16 N), 
constituting the “camel belt” Fig. 2-2 (Wardeh, 1989). This area includes the 
states of North and South-Darfur which comprises 12.5 and 3.4% of total 
camel population, North and South-Kordofan (26.2 and 11.2%), Khartoum 
(0.14%), Gezira (2.6%), Kassala (14.6%), Red Sea (6.1%), River-Nile (2.4%), 
Northern Sudan (1%), White Nile (0.75%), Blue Nile (0.3%) and Sennar State 
(2.5%). However, north Kordofan state has more than 1.2 million heads of 
camels comprising the highest camel population compared to other States 
(Ministry of Animal Resources, 2010). 
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Fig. (2-2): Camel population and distribution 
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(camel belt). 
Camel population in Sudan by 
No. State 
1 Northern State
2 River Nile 
3 Red Sea 
4 Khartoum 
5 Gadarif 
6 Kassala 
7 Gazeera 
8 White Nile 
9 N. Kordofan
10 N. Darfur 
11 W. Darfur 
12 Sinar 
13 Blue Nile 
14 S. Kordofan 
15 S. Darfur 
Total 
Source: Ministry of Animal Resources, 
(2011). 
state (2010) 
Population 
 48,079 
111,877 
280,154 
6,472 
334,705 
674,496 
120,660 
34,673 
 1,212,613 
578,337 
417,919 
114,188 
13,869 
519,163 
155,795 
4,609,131 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
10 
 
Moreover, Kordofan is inhabited by different camel owning tribes such 
as Kababish, Hawaweer, Kawahla, Shanabla, Hammar, Darhamid and 
Maalia. Eisa and Mustafa, (2011) noted the presence of three main 
types of production systems adopted by camel herders: Traditional 
Nomadic System, Transhumant or Semi-Nomadic System and 
Sedentary System. Recently, an investment in camel meat and milk 
production is adopted as intensive system around big cities such as the 
Khartoum capital of the Sudan. Al-Khori and Majid, (2000) reported 
the dominance of traditional nomadic system in the geographical zone 
between 13°N to 16°N (Northern part of the camel belt). This is 
typically practiced by the Kababish tribe in Northern Kordofan State. 
The camel herders are continuously moving in response to availability 
of grazing and water supplies (Eisa and Mustafa, 2011). 
 
2.2  Herd structure:  
It has been reported that Rashaida camel farmers own approximately 50 
to 70 animals per household, of which 60% are breeding females. 
Females are bred for the first time at the age of 4 to 5 years, producing 
their first calves one year later. (http://en.wikipedia.org/wiki/Camel, 
farming in Sudan, Accessed April., 2011). In Butana area, Darosa, 
(2005) reported that camels herds were structured according to the age 
of male and female as: less than 1 year (6 and 8.4 %), 1-4 years (7.9 and 
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16 %), 5-14 yrs (7.3 and 41.6 %) and more than 14 years (4.4 and 8.5 
%) from a total of 14768 heads.  The percentages of males and females 
were 25.6 and 74.4 %, respectively. 
 In Somalia, Kaufman (2005) reported high proportions of breeding 
females (about 50%) followed by young animals (24%). Abbas et al., 
(2000) reported an average herd size of 92 camels obtained from a total 
of 3490 camels belonging to 38 different herds in Saudi Arabia.  He 
indicated that the ratio of females to males was 92 and 8%, however 
70% of the male camels were more than one year old. El Zubier and 
Nour, (2006) reported that camel herders in Sudan tended to keep more 
females in their herds compared to males in Sudan.  
 
2.3  Importance of camel production: 
The vital role of camels in supporting human populations in some of the 
poorest and frequently drought-stricken areas of the world has now 
been widely acknowledged. Compared to other livestock, the camel is 
unique in having an exceptional ability to survive and thrive under 
adverse climatic conditions such as high ambient temperatures, low 
rainfall, and feed scarcity. Therefore, it offers an ideal option for animal 
production in arid and semi-arid regions of the world. The camel is a 
good source of meat in areas where the climate adversely affects other 
animal’s production efficiency (Kadim et al., 2006). The devastating 
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African drought in 1984-1985 demonstrated that camel ownership can 
give pastoralists a competitive edge and an excellent chance for 
survival. Whereas entire herds of cattle, sheep and goats succumbed to 
the arid conditions, camel populations survived relatively unscathed. 
The adaptation of the camel to desert conditions (water and food 
shortage, high temperature and low nutritive value of feeding resources) 
has fascinated many scientists. The ability of camels to withstand 
dehydration, poor quality of the diet, specific deficiencies or hot 
climates is well known. It is well adapted to food shortage both from 
energy or nitrogen and the ability of the camel to volarise forages with 
poor nutritive values is quite established. The camel has a basal diet 
richer in forage trees and the variability of grass eaten is wider and 
higher than for other ruminants. Its drinking rhythm which could be 
once a week, allows a wide exploration zone to find food (Faye and 
Esenov, 2005). The dromedary is a multipurpose animal for 
transportation, production of meat and milk, as well as by products such 
as wool, hair and hides (Ismail, 1987). Camels are of great 
socioeconomic importance in large tract of life. They serve as a source 
of cheap power for drawing water from wells, oil extraction (from oil 
seeds such as sesame and groundnut) and in transportation of people. In 
addition to that a camel can carry loads up to 300 kg in weight to distant 
places at a rate of 30 km/day. However, beside power and transport 
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they provide milk and meat in the extremely harsh environments (Khan 
et al., 2003). These facts about camels show their role in the 
maintenance of human life in the desert conditions, the ability to 
maintain rural activities in scare ecosystem and to increase (not only the 
animal productivity of the desert), but also the agricultural activities of 
the desert margin (Faye and Esenov, 2005).  
 
2.4 World trade of camels: 
There is a significant world trade in live camels but only a small 
recorded trade in camel meat of around 250 tons a year. In the three 
years to 2005, around 54 000 camels were traded each year at a value of 
US$16 million with Egypt importing nearly three quarters of this 
number, Oman (8 per cent), Qatar (6 per cent), Iran (5 per cent) and 
Indonesia (4 per cent).  The main suppliers of live camels to the world 
trade are Sudan (61 per cent in the three years to 2005), Djibouti (14 per 
cent) and Niger (9 per cent).  In the four years to 2006-07, shipments 
from Australia of live camels were made to Malaysia (68 per cent of 
total), and Brunei (32 per cent). Prior to 2003, there were also exports 
of live camels to Saudi Arabia (Cited from New Rural Industries 
Australia: Camels. http://www.nria.org.au/Camels. Seen Feb. 2012). 
2.4.1 Marketing of camels in Sudan:  
Ishag and Ahmed, (2011) reported that herders in north Kordofan state  
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bought large numbers of camels in north Kordofan compared to other 
regions. He noted that breeding purposes were the main reason for 
buying camels and the numbers of purchased females was more than 
males. Babiker and Tibin, (1989) reported that camel males were 
marketed in the age of 5-6 years, however, females were mainly 
slaughtered for local consumption while the majority of males were 
exported. Concurrently, Abbas at al., (2000) reported that males were 
marketed at the age of 5-6 years, while females are retained as much as 
possible. Ahmed, (2000) and Kohler et al., (1998) noted exportation of 
camels in large groups from Sudan to the neighboring countries as: 
Egypt, Libya, Saudi Arabia and Gulf States. Camel meat markets 
except in Sudan are not well developed, but lucrative export 
opportunities to Egypt, Libya, Saudi Arabia and Gulf States exist 
(Yaqoob and Nawaz, 2007).  
According to Ministry of Animal Resources, (2011) Sudan exported 
over 175,885 heads of camels during the years 2009 and 2010. The 
Central Bank of Sudan, (2010a) records stated that during the period 
from 2004 to the first half of the year 2010 the exports of camels were 
563,506 heads and the revenue was 103,067 million Dollars (Table 2-
1). In 2011 (January-June) camel exports were 3,651 heads and the 
revenue was 2,710 thousand Dollars (Central Bank of Sudan, 2010b).  
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Table (2-1): Exports and revenue of Sudanese camels from the 
year 2004 to 2010. 
Year Quantity 
(Head) 
Value 
(In US. $000's) 
2004 85,762 15,883 
2005 86,915 16,441 
2006 100,181 19,513 
2007 69,881 13,647 
2008 3,040 607 
2009 16,206 24,419 
2010 20,520 12,557 
Total 563,506 103,067 
 
(Source: Central Bank of Sudan, 2010a) 
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2.5 Husbandry practices of camel herders: 
Dromedaries are extremely adapted to hot weather and harsh 
environments. Better camel husbandry practices can improve the life of 
nomads who largely earn their living through raising camels. They have 
their own strategies and practices to deal with different environmental 
changes and crises to achieve their goals (Yaqoob and Nawaz, 2007). 
Camels are mainly reared by pastoralists who invariably utilize 
outlaying marginal ecozones. These groups in their search for suitable 
pastures for camel have to move over large areas of diverse habitats 
(Abbas et al., 1992b).  
 
2.5.1 Reproduction and Breeding policy: 
The reproductive performance of livestock depends on the genetic 
potential of the species, management of the live stock keeper and the 
production conditions. Low reproductive performance seems to be 
characteristic for camel production (Al-Eknah, 2000). Ishag and 
Ahmed, (2011) indicated the presence of two camel breeding seasons: 
One in autumn (July - Oct.) and the other in winter (Nov. - Feb.). Dioli 
and Stimmelmayr, (1992) concluded that camel males in East Africa 
started the breeding season during autumn and stopped during the dry 
season in summer. Megersa et al., (2008) in Ethiopia reported the major 
breeding and calving season of camels extend from April to June while  
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a minor breeding season extends during October and November. Abbas 
et al., (2000) reported calving rate of 68% and mean age at first calving 
of four years and four months in Saudi Arabia. In Somalia, Kaufmann, 
(2005) indicated that the annual calving rate in camels was between 
33% and 46% , however, 51% of the breeding females had their first 
calf before 60 months of age. 
 
2.5.2 Nutrition and management: 
Abbas et al., (1992b) and Darosa, (2005) reported the presence of three 
main types of camel management systems in the Sudan: the traditional 
nomadic; semi- nomadic and sedentary systems which permited wide 
utilization of range lands. Darosa, (2005) also indicated the percentage 
of camel population within each system in Butana region was 22% for 
the nomadic, 35.9 for the semi nomadic and 40.7 % for the sedentary 
system.  Ishag and Ahmed, (2011) reported that most of the camel 
owners in north Kordofan practice seasonal migration searching for 
pasture, water and escaping from insects in the rainy season. 
Furthermore, Wardeh, (1989) reported that in Western Sudan the herds 
move in the rainy season from south to the north for long distances that 
could reach 1000 km. However, Bakheit, (2006) indicated that 
migration of camel herds to the Southern parts of Kordofan State was 
limited by diseases such as Trypanosomosis, internal and external  
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parasites and the unsuitability of the clay soils for camel pads (Fig. 2-3). 
Camel daily grazing behavior was studied by researchers such as 
Kassilly, (2002) who found that camels spent on average 60.2% of the 
day feeding, 24.11% walking, 2.68% ruminating, 5.9% idling and 7% 
on other activities. Feeding time was significantly higher (P < 0.05) in 
the dry season than in the other good pasture seasons. He indicated that 
camels extended their grazing times during the dry season, which was 
characterized by low quality diets as revealed by high fiber levels and 
low CP levels of the pasture. The reverse was the case during the green 
or rainy season. Khorchani et al., (1992) reported that camels spent 
77.3% of the day time on eating and 22.5% resting while they were on 
the range conditions. In summer the grazing time was reduced in the 
afternoon and no further increase in grazing time would, therefore, be 
expected if the herds were allowed to stay longer on the range. Wardeh, 
(1999) reported that camels spent 6-8 hours per day in good range 
condition and 12 hours in poor ones and Kassilly, (2002) reported that 
camel grazing day length was fixed to about 10 hours per day. Some 
studies reported that grazing time was decreased as the pasture became 
mature, coarse and stemmy. Knowledge of feeds quality selected by the 
camel, its behavioral activities and feed preferences are important to 
understand the forage–camel relationship. Interactions between the 
browsing/grazing camel and its environment are important to the  
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Fig. (2-3): Migration routes of camel herds in North Kordofan 
state, 
 
 
 
 
 
 
19 
(Bakheit, 2008). 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
20 
 
development of sound husbandry decisions and for the improvement of 
camel production. The camels were observed to have a particular 
fondness towards certain thorny plants. Shrub trees, such as Balanitus 
aegyptica, with thorn lengths of up to 7cm, were selected frequently. 
Browsing was found to be the major activity, during the day and 
ruminating was minor in both dry and wet seasons. The activity 
variations between seasons were probably in? uenced by the variation in 
feed availability due to differences in precipitation. As a result of 
increased feed availability, camel spent less time browsing in the wet 
season, and more time was devoted to walking, rumination and other 
activities (Dereje and Udén, 2005). The Arabian camel tolerates losses 
of body water greater than 25% of its body weight compared with most 
other animals, water losses over 15% is fatal. Camels replenish their 
losses within minutes. The camel is thus unique because the influx of 
water into the blood is rapid without any danger (Etzion et al., 1984). 
 
2.5.3 Camel diseases: 
 
Limitations of natural feed supply lead to diseases and infestation of 
camels with parasites. Feed supplementation is needed in many 
situations to prevent stress of animals on the ranges. Adequate 
supplementation requires that the natural vegetation be known both 
quantitatively and qualitatively (Khorchani et al., 1992). Ishag and 
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Ahmed, (2011) reported that Trypanosomiasis was found to be the important 
camel disease in North Kordofan as well as in other regions in Sudan beside 
calf diarrhea and Manage. Abbas et al., (2000) reported mortality rate 
of 17% among camel herds in Saudi Arabia. He indicated that the 
highest mortality rate was observed in camels up to one year in age, 
mainly as a result of camel calf diarrhea, pox, ecthyma and starvation 
due to orphanage or dam rejection. Mortality causes included pox 
outbreaks, Trypanosomosis, pneumonia and gastroenteritis. Dioli and 
Stimmelmayr, (1992) and Chandra et al., (1998) reported that camel 
pox (Jadari) was one of the most important viral diseases in camels 
which existed in Eastern Africa. Furthermore, Hakimdar, (1987) 
reported that Trypanosomosis (Jufar) affected all ages of camels in 
Sudan especially more than 4 years old. However, Agab and Abbas, 
(1998) reported that Manage disease (Jarab) severely spread among 
Sudan camel calves less than 2 years old during autumn and winter.  
 
 
Calf mortality is considered as one of the major constrains to higher 
productivity in camels of which calf diarrhea is regarded as the major 
cause. Thirty percent morbidity and 100% mortality due to the disease 
was reported by Schwartz and Dioli, (1992). In Sudan, Abbas et al., 
(1992a) reported that camel calf diarrhea affected about 33% of 
neonates causing 23% mortality in northeast Sudan. According to 
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Abbas et al., (1993) 43.4% of the pastoralists in Eastern Sudan 
complained from camel calf mortality. Moreover, Agab et al., (1998) 
concluded that calf diarrhea caused mortalities that occurred during 
summer season amounting to 39.1% and 80% in winter. Incidence of 
83% of calf diarrhea among camel herds from different locations in 
Sudan was reported by Ali et al., (2005). He indicated that calf diarrhea 
named locally in north Kordofan State by Reet or Sabba was considered 
as one of the main killing diseases of camel calves up to 6 months of 
age.  
 
2.6  Camel meat yield and carcass characteristics: 
According to FAO Statistics (2010), the annual camel meat production 
in Sudan is 49,883 tones very close to the annual camel meat produced 
in Pakistan (50, 000)  tons  reported by (Khan et al., 2003). In Sudan, 
Yousif and Babiker, (1989) reported camel slaughter weight ranged 
from 395 to 512 kg with a mean of 456 kg and muscle percentage of 56 
% and average muscle: bone ratio of 3.0. Hot and cold carcass weights 
were 259 and 251.7 kg, while dressing percentages were 56.6 and 63.8 
% (on live weight bases and empty body weight basis) respectively. The 
dressing percentage of the camel is in the range of 45–55%, but 
exceptionally it can rise to 60%. Furthermore, Eltahir et al., (2011) 
reported slaughter weights of 334.6 and 325.3 kg for 18 years old male 
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camels fed on both molasses and sorghum based diets. The hot carcass 
weights were (192.6 and 176.9) kg and the dressing percentage of the 
hot carcass were (57.9 and 54.4) with no significant differences 
between the feeding groups. Abouheif, et al., (1990) stated that camel 
meat was produced from both young and mature animals. Young 
animals were slaughtered at less than 12 months of age. This produced 
carcasses weighing about a 100 kg; carcasses produced from animals 
over one year of age might weigh up to 200-300 kg. He reported hot 
carcass weights of (107.3, 180.7 and 281.7) kg and dressing percentages 
of (61.5, 59.9 and 60.6) of Najdi male camels aged 8, 16 and 26 years in 
Saudi Arabia.  
 
 
Reports of weight gain in camel vary greatly. Under open range 
conditions a live weight increase of 1 kg/day had been reported. In 
Egypt, animals fed on a high energy diet compounded from cottonseed, 
rice, molasses and mineral mix gained 150 kg (almost 0.82 kg/day) 
body weight in 6 months (Yaqoob and Nawaz, 2007). However, Khan 
et al., (2003) reported that well-fed young camels under intensive 
conditions gained 0.58 kg/day.  
 
2.7 Chemical composition of camel meat: 
The chemical composition and quality of meat has recently become an 
important issue in the marketing of meat products. Chemical 
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composition of camel meat will provide more information on meat 
quality in relation to the optimum slaughter age and level of nutrition 
and will improve marketing of camel meat and meat products. 
Chemical composition of camel meat studied previously by Babiker and 
Yousif, (1990), El-Faer et al., (1991), Kamoun, (1995), Dawood and 
Alkanhal, (1995), Al-Sheddy et al., (1999), Al-Owaimer, (2000), Al-
Ani, (2004), Kadim and Mahgoub, (2006) and Kadim et al., (2006, 
2008c and 2009a) gave a range for moisture (70-77%), crude protein 
(20-23%), fat (0.5-9.8%) and ash (1-1.3%), for LT muscle mature 
camels. The importance of moisture is in its pronounced effect on meat 
shelf-life, processing potential and sensory characteristics. The moisture 
to protein ratio is a reflection of the suitability of meat for processing. 
Kadim et al., (2008b) indicated similar ratios of moisture to protein for 
camel meat and beef (3.28 vs. 3.26).  However, Elgasim and Alkanhal, 
(1992) indicated that camel meat has slightly less protein content than 
that of beef. In contrast, Babiker and Tibin (1986) found that camel 
meat contained more moisture and has significantly (P<0.05) greater 
total protein and lower intramuscular fat compared to beef.  Camel meat 
should be efficiently exploited to meet the increasing demand for more 
animal protein, as malnutrition is still a serious problem for poorer 
people in the less developed countries. The lower fat content in camel 
meat con? rmed that camel meat could be much leaner than meat 
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produced by other species such as sheep, cattle or pig (Al-Ani, 2004) 
especially if it is slaughtered at a young age. 
 
2.7.1 Muscle pH and color: 
pH and colour are important factors in determining consumer 
acceptability of meat. The term pH stands for the amount of hydrogen 
ions in a particular solution. The ultimate pH of meat achieved when 
the rigor processes have ceased, influences meat tenderness, colour, 
flavour and shelf-life. Under normal conditions, pH will be in the range 
of 5.4 to 5.8 (Offer, 1991). At a higher muscle pH, proteins are able to 
bind more strongly with water, allowing less free water. Meat that has a 
higher pH will be darker in color because there is less free water to 
re? ect light (Ledward et al., 1992). In addition, Hanson et al., (2001) 
indicated that the dark cutting condition is more likely to occur when 
muscle glycogen levels are below 80 mmol/kg. With this information, 
management strategies prior to slaughter could be developed to reduce 
the incidence of dark cutting meat.  Meat color formed when the 
myoglobin is oxygenated and forms the oxymyoglobin which gives the 
bright cherry red color preferred by consumers and associated with 
freshness. Jouki and Khazael, (2012) reported that chemical changes in 
raw meat such as protein denaturation, oxidation, hydrolysis, changes in 
pH, and enzyme action are significant factors affecting the color of raw 
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meat. Page et al., (2001) reported that lean maturity is highly associated 
with L (color lightness), whereas muscle pH is highly associated with a 
(color redness) and b (color yellowness) and that lean maturity is a 
function of lightness/darkness. They indicated that a value is probably 
more useful than b value when measuring beef color stability (surface 
metmyoglobin formation) over time because a is a value from red to 
green and metmyoglobin formation changes the color of beef from red 
to greenish brown.   
 
Babiker and yousif, (1990) reported mean values of pH (5.8) and color 
co-ordinates l (32.2), a (17.1) and b (9.0) of Longissimus dorsi muscle 
of the desert camel. Kadim et al, (2006) gave pH values (5.9, 5.8 and 
5.7) and meat color: l (37.7, 34.0 and 31.7), a  (13.37, 13.82 and 16.18) 
and b (6.09, 6.78 and 7.26) for 3 age groups (1-3, 3-5 and 6-8 years) of 
Omani one humped camels. Furthermore, Kadim et al., (2009b) 
reported the mean values of pH from electrically and non-electrically 
stimulated camel carcasses were 5.68 and 5.79 for L. thoracis muscles 
of 20 male one-humped camels (2 to 3 y). Also Abdelhadi et al., (2012) 
reported significant differences of ultimate pH values 5.7, 5.8 and 6.03 
and meat color: L (34.6, 34.9 and 32.6), a (13.3, 11,8 and 14.6) and b  
(11.3, 12.9 and 9.4) during different seasons of the year (winter, autumn 
and summer), respectively. Generally, it is well known that young 
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animals tend to produce meat with a higher pH than older animals due 
to lack of glycogen (Kannan, et al., 2003).  
 
2.7.2 Water Holding Capacity: 
The ability of fresh meat to retain moisture is the most important quality 
characteristic of raw products. Accelerated pH decline and low ultimate 
pH are related to the development of low water-holding capacity and 
unacceptably high purge loss. Rapid pH decline resulting in ultimate or 
near ultimate pH while the muscle is still warm causes the denaturation 
(loss of functionality and water binding ability) of many proteins, 
including those involved in binding water. The most severe purge or 
drip loss is often found in PSE (Pale, Soft, and Exudative) meat 
products (cited from Hu? -Lonergan and Lonergan, 2005). Lean muscle 
contains approximately 75% water. The other main components include 
(approximately), protein (20%), lipids (5%), carbohydrates (1%) and 
vitamins and minerals (often analyzed as ash, 1%). The majority of 
water in muscle is held within the structure of the muscle and muscle 
cells. Speci? cally, within the muscle cell, within the myo? brils, between 
the myo? brils themselves, the cell membrane (sarcolemma), between 
muscle cells and between muscle bundles (Offer and Cousins, 1992). 
 
During the conversion of muscle to meat, lactic acid builds up in the 
tissue leading to a reduction in pH of the meat. Once the pH has 
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reached the isoelectric point of the major proteins, especially myosin 
(5.4), the net charge of the protein is zero, meaning the numbers of 
positive and negative charges on the proteins are essentially equal. 
These positive and negative groups within the protein are attracted to 
each other and result in a reduction in the amount of water that can be 
attracted and held by that protein. Once muscle is harvested the amount 
of water and location of that water in meat can change depending on 
numerous factors related to the tissue itself and how the product is 
handled (Honikel, 2004). Product weight losses due to purge can 
average as much as 1– 3% in fresh retail cuts (Offer and Knight, 1988a) 
and can be as high as 10% in PSE products (Melody et al., 2004).  
 
Over the years there have been numerous reviews devoted to factors 
that in? uence water-holding capacity (Honikel and Kim, 1986; Offer 
and Knight, 1988a; Offer and Knight, 1988b, Honikel, (2004) and Huff-
Lonergan and Lonergan, (2005). Zamora et al., (1996) reported that 
WHC decreased from 1 h to 24 h post mortem and afterwards it 
remained constant (Offer and Knight, 1989a). 
 
2.7.3 Muscle fibres and metabolic properties:  
Characteristics of camel meat as well as muscle fibre types had been 
studied by many authors (Lefaucheur, 2010; Kadim et al, 2009a and b; 
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Costa et al., 2008, Vestergaard et al., 2000 and Rose, et al., 1992). The 
classification of Peter et al., (1972) based both on their contractile 
(ATPase activity) and metabolic properties (Succinate Dehydrogenase 
activity) showed whether ? bres were slow oxidative (SO; type I or beta-
red), fast oxidative glycolytic (FOG; type IIA or alpha-red) or fast 
glycolytic (FG; type IIB or alpha-white). The use of specific antibodies 
of different myosin heavy chains isoforms (MyHC) revealing only the 
contractile properties, allowed type I, IIA and IIX fibres to be 
distinguished. More recently IIB fibres were identified in cattle 
(Hamalainen and Pette, 1995, Picard et al., 1998 and 2003).  
 
Different isoforms of Myosin Heavy Chain (MyHC) in bovine muscle 
were described: MyHC I, MyHC IIA and MyHC IIX (Picard et al., 
1998). The MyHC IIB had been reported in some cattle from the 
Blonde d’Aquitaine French breed. The major MyHC isoforms (slow 
MyHC I or fast MyHC IIA, IIX and IIB) determine the contractile 
activity of muscle fibres (Picard and Cassar-Malek, 2009). The use of 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS- 
PAGE) technique enabled determination of the different types of 
myosin heavy chain isoforms by determined migration pattern (Young 
and Davey, 1981 and Picard et al., 1995). 
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Contractile and metabolic properties of muscles were estimated earlier 
by the measurement of enzyme activities. The most commonly used 
enzymes to measure the metabolic properties of muscles were reported 
earlier by Ansay, (1974), Krause and Wegner, (1996) and Briand et al., 
(1981). The glycolytic metabolism by lactate dehydrogenase (LDH) 
enzyme which is responsible of the anaerobic metabolism of Pyruvate 
to lactate and catalyzes the reaction:  
Pyruvate + NADH + H+    LDH       lactate + NAD+, 
and phosphofructokinase (PFK) enzyme found responsible for the 
glycolysis in the muscles and enhances the following reaction: 
Fructose 6-P + ATP    PFK       fructose 1-6 di-P + ADP 
The oxidative metabolism is catalyzed by isocitrate dehydrogenase 
(ICDH) enzyme which is found in Citric acid cycle and represents the 
aerobic metabolism of Isocitrate following the reaction: 
 
Isocitrate + NAD+       ICDH      a  Ketoglutrate + CO2 + NADH + H+ 
 
In addition, cytochrome-c-oxidase (COX) enzyme is a marker of the 
oxidation activity in the tissue found in the respiratory chain in the 
mitochondria which catalyzes the following reaction: 
2 cytochrome C (Fe2+) + 1/2 O2      COX     2 cytrochrome c (Fe3+) +  O2- 
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The different enzyme activities allow the muscles to be classified 
according to their metabolic type (Hocquette et al., 2000). In bovine,  
Jurie et al., (2007) studied meat quality characteristics of LT, SM, ST 
and TB muscles in Holstein and Salers cull cows and found that in the 
higher tenderness class muscles there were low LDH/ ICDH ratio and 
FOG % frequency and high SO % frequency and vice versa. Maltin et 
al., (1998) and Drans? eld et al., (2003) demonstrated a positive 
relationship between SO frequency and tenderness. In addition, 
Drans? eld et al., (2003) found that muscles in the lowest eating quality 
class had the lowest isocitrate dehydrogenase (ICDH) activities (1.29 
compared with 1.54 µ mol/min per g muscle for the highest class), 
indicating a low oxidative character, the highest percentages of FOG 
(24% vs. 20% for the high and low classes) and the lowest percentage 
of SO ? bres (21% vs. 26.3% for the high and low classes) was obtained 
from French culled cows.  
 
Kassem et al., (2004) also reported the mean percentages of Type I, 
Type IIA, and Type IIB fiber in L. thoracis of 2-y-old camel muscles 
were 14.5%, 46.7%, and 38.8%, respectively. Kadim et al., (2009a) 
stated the proportions of muscle fiber types: I (33.0 and 33.1), type IIA 
(25.0 and 25.3) and type IIB (42.0 41.6) in LT muscle from electrically 
and non electrically stimulated one humped camels. In bovine, Jurie et 
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al., (2007) reported values of metabolic enzyme activities (mol/ min/g) 
for ICDH (1.37 and 1.76) and LDH (835 and 821) in LT and SM 
muscles of culled cows, respectively. Furthermore, Oury, et al., (2010) 
reported that MyHC I had oxidative characteristics (ICDH, COX) and 
MyHC IIx had glycolytic ones (LDH), while MyHC IIa were oxidative-
glycolytic fibres. Moreover, he noted that MyHC I proportions were 
significantly correlated with ICDH and COX activities (r= 0.43 and 
0.62) and negatively correlated to LDH activity in bovine LT muscle (-
0.45; p < 0.001).  
 
2.7.4 Muscle Collagen: 
Muscle connective tissues, endomysium, perimysium and epimysium, 
make up a network of collagen and elastin ? bres. Tenderness is 
in? uenced by several factors including muscle ? bre types (Valin, 1988) 
and the quantity and solubility of collagen (the major component of the 
intramuscular connective tissue). Collagen content of tissue can easily 
be studied by measuring its Hydroxyproline (OH-proline) content due 
to its restricted and unique distribution in collagen. It is present in 
nearly all the organs and serves to hold the cells together in discrete 
units (Pihlajaniemi et al., 1991). The increase in collagen solubility is 
known to be associated with higher tenderness (Bailey and Light, 
1989). Results of several studies indicated that tenderness and other 
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sensory characteristics of meat are in? uenced by collagen content and 
solubility (Renand et al., 2001 and Lepetit, 2007). Other authors 
(Drans? eld et al., 2003; Riley et al., 2005; Stolowski et al., 2006) found 
strong correlations between insoluble collagen content and raw 
Warner– Bratzler peak shear force values (r=0.81 and r= 0.94) in beef 
and chicken muscles. This had maintained the conviction that collagen 
amount was important in determining meat tenderness. Moreover, Riley 
et al. (2005) showed that insoluble collagen was an important factor in 
meat tenderness. Among the muscle characteristics, total and insoluble 
collagen contents were the best in differentiating the tenderness classes. 
Jurie et al., (2007) stated that the lower total and insoluble collagen 
contents, the more oxidative metabolism, and to a lesser extent the 
smaller the ? bre area, the more tender was the meat.  Stolowski et al., 
(2006) indicated that muscles with relatively higher total collagen 
amounts (biceps femoris, vastus lateralis, semimembranosus and 
semitendinosus) demonstrated the highest Warner Bratzler Shear force 
(WBS) values. On the other hand, muscles that had the lowest WBS 
force values (gluteus medius and longissimus dorsi) showed lower total 
collagen amounts. In addition, muscles with the highest percentage of 
collagen solubility (GM and LD) had the lowest WBS force values, 
while those with the lowest collagen solubility (BF, VL and ST) had the 
highest WBS force values. Therefore, differences in total collagen 
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amount and percentage collagen solubility between muscles explain the 
variation in WBS force between muscles. 
 
Drans? eld et al., (2003) studied bovine meat quality and reported values 
of total and insoluble collagen in three eating classes (3·94, 4.01 and 
3·60) and (3·31, 3·26 and 3·02) mg OH-proline/ g dry matter, 
respectively. Stolowski et al., (2006) studied seven different muscles 
from Angus and Brahman breed crosses and reported mean (2.00 mg/ g) 
total collagen amount for LT muscle. Jurie et al., (2007) reported total 
and soluble collagen content (µg OH-proline/ mg dry matter) in cull 
cows of Holstein (4.48 and 3.22) and for Salers (4.10 and 3.39), 
respectively. They reported that LT muscle presented the lowest total 
and insoluble collagen content (3.21 and 2.62µg/ OH-proline mg dry 
matter) compared with the other studied muscles (TB, LT, SM and ST). 
Siddiqi et al., (2000) reported total, soluble and insoluble collagen 
content values of (303.8, 18.0 and 28.1) µg/ g wet weight tissue in 
skeletal muscle of the Arabian camels. Babiker and Yousif, (1990) 
studied the chemical composition of L. Dorsi, Semitendinosus and 
Triceps Brakii muscles of desert camel. They reported values for total 
collagen (9.22, 4.92 and 6.43 % of fresh muscle weight) and OH-
proline solubility (2.37, 1.72 and 0.66 %) as percentage of fresh muscle 
weight respectively for these muscles.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
35 
 
2.8 Nutritive value of meat: 
2.8.1 Fatty Acids contents: 
Ruminants meat and meat products are generally classi? ed as high fat, 
although great differences in fat content are found. The high percentage 
of saturated fatty acids and cholesterol content in meat fat is linked to 
negative health effects. Unsaturated fatty acids are predominating in 
meat fat. Lower fat content and higher muscle content has been 
obtained by means of breeding measures, changes in rearing (feed, 
environmental conditions), slaughter at a younger age, and leaner cuts 
of meat (Honikel, 2004). The amount of saturated, mono, and 
polyunsaturated fatty acids consumed and the contribution of meat and 
meat products to this amount differ according to eating habits and fatty 
acid composition of meat fat due to variations in feeding and 
upbringing practices of the animals in the various countries (Schmid, 
2011). 
 
2.8.1.1 Saturated fatty acids: 
Meat products appear to be the greatest sources of saturated fatty acids 
after butter and cheese. The saturated fatty acids (SFA) found between 
30–50% in meat fat and the main SFA are: myristic acid (C14:0), 
palmitic acid (C16:0), and stearic acid (C18:0). Palmitic acid is 
generally the best represented, comprising approximately one-fourth to 
one-third of all fatty acids. Stearic acid comes next with a fatty acid 
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share of approximately 10–20 %, while the share of myristic acid is 3–
6%. The percentages can vary greatly depending on species, breed, feed 
and rearing (Diaz et al., 2005). Saturated fat has a cholesterol-raising 
effect, especially fatty acids with 12–16 carbon atoms, while stearic 
acid (C 18:0) has little or no influence on the plasma cholesterol 
concentration. Therefore, reducing the consumption of food relatively 
high in saturated fat, e.g. meat and milk products, is the most important 
dietary recommendation for the prevention of Cardio Vascular Disease 
(CVD). Reduction of total fat to less than 30% and saturated fat to less 
than 10% of calories is recommended (Ginsberg et al., 1998). It is 
known that Palmitic acid increases the risk of cardiovascular diseases 
(WHO, 2003). Total concentration of palmitic acid was given as (25.9 
and 34.4 %), in fresh meat and fat from camel (Rawdah et al., 1994). 
Kadim et al., (2011) reported high level of palmitic acid and total SFA 
(28.5 and 53 %) in fresh camel meat. The latter authors also reported 
percentage of total SFA (51.5 and 53 %) in camel meat. Grass fed cattle 
showed average value of 21.9 % for palmitic acid in cattle (Muchenje et 
al., 2009). 
2.8.1.2 Monounsaturated fatty acids: 
In meat fat monounsaturated fatty acids generally account for around 
40–50% of the fat. Meat products contribute with the largest share of 
MUFA after oils (Schmid, (2011). The highest levels of MUFA found 
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in chicken thighs with skin (50.1%) compared to other animal species. 
Among different fatty acids, oleic acid (C18:1n-9) not only comes top 
of the MUFA, but also the most frequently found fatty acid in meat fat. 
It generally accounts for 30–40% of fatty acids or higher (Moretti et al., 
2005). Kadim et al., (2011) reported percentages of fatty acid 
composition in fresh camel LT muscle. Total MUFA was 41.1%, 
however, oleic and palmitoleic fatty acids were the most abundant 
MUFA (33.5 and 6.1%) in camel LT muscle. Furthermore, Rawdah et 
al., (1994) reported 18.9% oleic acid and 29.9% total MUFA in camel 
meat. Muchenje et al., (2009) reported 29.9, 29.6 and 31.1% total 
MUFA obtained from three different cattle breeds fed on pasture. The 
importance of MUFA that they reduce human low density lipoprotein 
(LDL-cholesterol associated with human cardiovascular diseases) and 
increases High Density Lipoprotein (HDL-cholesterol concentrations 
which has an inverse relation with the risk of cardiovascular diseases) 
in the blood (Kwiterovich, 1997).  
 
2.8.1.3 Polyunsaturated fatty acids: 
The level of polyunsaturated fatty acids (PUFA) in meat fat varies; 
depending on the meat cut and the animal species. The important role in 
health is ascribed to the absorption of the long-chain polyunsaturated n-
3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid 
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(DHA). These fatty acids are only found in animal fat, fatty ? sh in 
particular being an excellent source. Kadim et al., (2011) indicated that 
the percentage of total PUFA in camel meat was lower (5.6 %) than that 
of beef (8.8 %), buffalo (28.6 %) and deer (31.4 %). Another important 
aspect of PUFA is the ratio of n-6/ n-3 fatty acids, which should 
preferably be below 5:1 but is generally too high. Razminowicz et al., 
(2006) Studied pasture-reared label beef and reported an average for n-
6/ n-3 ratio of 1.7 and 1.9:1, which was lower than the ratio for 
conventional beef (3.5/5.0:1 from cows and young bulls respectively). 
The ratio of n-6/ n-3 PUFA is also a risk factor in cancers and coronary 
heart disease (CHD), especially the formation of blood clots leading to 
a heart attack. The recommendation for n-6/ n-3 ratio is less than 4. In 
addition, meat can be manipulated towards more favorable n-6/ n-3 
ratio. This ratio is particularly bene? cial (low) in ruminant meats, 
especially from animals that have consumed grass which contains high 
levels of (C18:3) ? -linolenic acid (Enser, 2001). Ratio of n-6/ n-3 (1.64 
and 1.88) obtained from Rib-eye and Brisket beef muscles (Gerber et 
al., 2009) which were below the recommended value (below 4) by British 
Department of Health, (1994). 
 
More recently, nutritionists have focused on the type of PUFA and the 
balance in the diet between linoleic acid (LA; 18:2 n-6), the parent fatty 
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acid of the n-6 PUFA family and alpha-linolenic (ALA; 18:3 n-3), the 
parent fatty acid of the n-3 PUFA family acids which are essential fatty 
acids and must be acquired in adequate amounts in the diet (El-Badry et 
al., 2007). Rawdah et al., (1994) indicated the ratio of LA to ALA 
(10.9) in camel meat.  In bovine, Gerber et al., (2009) reported values of 
0.18 and 0.02 g/ 100g for ALA and LA obtained from beef Rib eye. 
 
Conjugated linoleic acids (CLAs) are fatty acids that are found naturally 
in foods derived from ruminant animals. They were ? rst discovered by 
Pariza and Hargreaves, (1985) and his group when investigating the 
carcinogenic components of grilled beef. Surprisingly, these modi? ed 
fatty acids derived from the parent linoleic acid (18:2n-6) were found to 
have anti-cancer rather than pro-cancer properties. CLAs are reported to 
be anti-cancer, anti-atherogenic, antiadipogenic, anti-diabetogenic, anti-
in? ammatory, regulation of immune function, lipid, immuno-globulin 
production and can modulate the expression of a number of genes. 
(Wahle et al., 2004). The rumen contains microbes capable of 
biohydrogenating the ingested polyunsaturated fatty acids derived from 
forage but also from other feed sources, natural or otherwise (e.g. added 
grain or ? sh oils). Parodi et al., (2003) stated that the biohydrogenation 
of dietary linoleic acid results in the formation of the cis-9, trans-11 
isomer (the most abundant natural isomer) present in ruminant tissue 
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fats (over 90% of total CLA) and has been termed rumenic acid (RA). 
Further hydrogenation of RA results in the production of trans-11, 18:1 
vaccenic acid (VA) which is the major trans-monounsaturated fatty acid 
present in the fats of ruminant food products (milk, yoghurt, cheese, 
butter and meats), Fig. (2-4). Ruminants naturally produce conjugated 
linoleic acids (CLAs) which may have a range of nutritional bene? ts in 
the diet. Lamb meat gave higher concentrations of conjugated linoleic 
acid (CLA) in the fat than beef (4.3–11.0 mg/g fat). CLA concentration 
can be in? uenced by the diet; hence the concentration in pasture-based 
animals is higher than in those reared on concentrated feed; however, 
oil seeds can be added to the latter, also resulting in higher amounts of 
CLA (Schmid et al., 2006). Moreover, Scollan et al., (2006) gave the 
concentration of different CLA isomers (e.g. 11.7 and 14.4 mg/100 g 
fresh muscle CLA cis-9, trans-11) in longissimus muscle lipids of 
German Holstein beef  fed on concentrates  and pasture respectively. 
An increased consumption of monounsaturated fatty acids (e.g. oleic 
acid, 18:1 n-9) and particularly polyunsaturated fatty acids (e.g. linoleic 
acid, 18:2 n-6, 9) is associated with a lower plasma cholesterol level 
(Dannenberger et al. 2005). 
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Fig. (2-4): Structure of the parent Omega-6 fatty acid (Linoleic 
acid) and its two conjugated derivatives (Wahle et al., 
2004).  
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Furthermore, moderate amounts of trans fatty acids (TFA) found in 
meat and meat products, the bulk comprising the C18:1 isomers, with 
vaccenic acid (C18:1, trans-11) predominating in animal foods 
(Jakobsen et al., 2006). Further, Alfaia et al. 2007 reported total TFA of 
3.3 and 3.4% in LD muscle of veal from early autumn to early spring.  
 
 
2.8.2 Lipid peroxidation: 
Fresh meat undergoes major undesirable changes during storage at both 
refrigeration and freezing temperatures. Lipid peroxidation is one of the 
primary mechanisms of quality deterioration in stored foods, especially 
in muscle tissues. The changes in quality can be manifested by 
deterioration in flavor, color, texture, and nutritive value and the 
production of toxic compounds (Pearson et al., 1983). Secondary 
products of lipid peroxidation such as malonaldehyde are cytotoxic and 
mutagenic compounds. Thus, lipid stability is one of the important 
factors for maintaining meat quality during storage (Sasaki et al., 2001). 
Lipid oxidation in meats, with production of malondialdehyde (MDA) 
and other oxidized products toxic for consumers (Alderton et al., 2003) 
thus needs to be controlled, even below the acceptance threshold for 
rancid off-? avor, evaluated at 1 µg MDA/ g of meat (Campo et al., 
2006 ). Several factors can affect lipid oxidation in meat during ageing 
and packaging, including light, oxygen concentration, temperature, 
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presence of anti- and pro-oxidants and abundance of unsaturated FA 
(Jakobsen and Bertelsen, 2000). Ageing, carried out in carcasses or in 
cuts packed under-vacuum, is a conventional procedure used to improve 
tenderness and ? avor (Polak et al., 2009). To limit the adverse effects of 
lipid oxidation, various antioxidants can be deposited on the surface of 
meats just before packaging or given orally in the diet of animals during 
the ? nishing period. Among antioxidants, vitamin E is the most often 
used (McDowell, 1989, Fasseas et al., 2008). It protects cells and 
tissues from oxidative damage induced by free radical reactions which 
are involved in several disease processes like: cancer, cardiovascular 
disease, diabetes and aging among others (Herrera and Barbas, 2001). 
When supplied in diets, vitamin E (as dla-tocopheryl acetate) 
effectively controls lipid oxidation, extends shelf life and indirectly 
limits color deterioration in the meat of many animal species, especially 
cattle (Faustman and Wang, 2000; Kerry et al., 2000). It has been 
reported that feeding on pasture increased significantly the content of 
vitamin E in bovine muscles and hence reduces the development of 
oxidation in meat (Gatellier et al., 2005).  
 
Jouki and  Khazaei, (2012) reported that the amounts of 
malondialdehyde (MDA) increased during chilled storage from 0.30 to 
0.39 mg/ kg meat and reached 0.82 mg/kg meat on the 18th day. 
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However, Gobert et al., (2010) reported the average MDA content 
across the different packaging systems from ST muscles of beef as 
(1.34 ± 1.11 µg/ g tissue) and LT muscles as (0.93 ± 0.82 µg/ g tissue). 
Durand et al., (2007) indicated that the MDA level was not modified by 
ageing time from 1 to 12 days whatever the ageing method, entire 
carcass or under vacuum. He reported vitamin E level in bovine 
rumsteack as 5 µg/ g. However, the recommended daily requirement of 
vitamin E of 15 mg/ day was reported by the Food and Nutrition Board, 
(2000). Gobert et al., (2010) reported the MDA levels (0.17 and 0.19 
µg/g fresh tissue) and values of vitamin E (1.41 and 1.71 µg/g fresh 
tissue) in LT muscle of cows at one day post mortem and 12 days 
ageing under vacuum, respectively. 
2.8.3 Amino acids:  
Raw red muscle meat contains around 20–25 g protein/ 100 g. Cooked 
red meat contains 28–36 g/100 g, because the water content decreases 
and nutrients become more concentrated during cooking. Meat protein 
is highly digestible, around 94% compared with the digestibility of 78% 
in beans and 86% in whole wheat (Cited from Williams, 2007). Protein 
is essential for growth and development providing the body with energy 
and amino acids needed for the manufacture of hormones, antibodies, 
enzymes and tissues (Friedman, 1996). When consumed, it is broken 
down into amino acids, the building blocks of all proteins. Some of 
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which are designated as a nonessential amino acids, while the others are 
essential (Yildiz, 2009). The indispensable amino acids are: leucine, 
isoleucine, valine, lysine, threonine, tryptophan, methionine, 
phenylalanine and histidine. Histidine is considered to be an 
indispensable amino acid because of the detrimental effects on 
haemoglobin concentrations that have been observed when individuals 
are fed histidine-free diets (Kriengsinyos et al., 2002). Humans can 
produce ten of the twenty amino acids, while the others must be 
supplied in the diet daily because the human body does not store excess 
amino acids for later use.  Failure to obtain enough of even one of the 
ten essential amino acids (Arginine, Histidine, Isoleucine, Leucine, 
Lysine, Methionine, Phenylalanine, Threonine, Tryptophan and 
Valine); results in degradation of the body proteins (muscle and other 
tissues) to counteract the imbalance (Yildiz, 2009). Table (2-2) shows 
amino acids requirement for adults. Dawood and Alkanhal, (1995) 
reported that amino acids composition of Njdi camel meat did not differ 
significantly by either type or cut or slaughter age except for aspartic 
acid which was significantly greater in camels aged 26 moths (9.5 g 
protein/16g N) compared to those aged 8 months (8.8 g protein/ 16g N). 
They reported the most abundant amino acid, glutamic acid, averaged 
about 17g/ 16g N in Najdi camel meat followed by aspartic, lysine, 
leucine and arginine. Also they confirmed that Najdi-camel meat 
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Table (2-2): Estimates of amino acid requirements (WHO, 2007). 
Amino acids Present estimates 
Mg/ kg per day Mg/ g protein a 
Histidine 10 15 
Isoleucine 20 30 
Leucine 39 59 
Lysine 30 45 
Methionine 10 16 
Phenylalanine + tyrosine 25 38 
Threonine 15 23 
Tryptophan 4 6 
Valine 26 39 
Total essential amino acids 184 277 
 
a Mean nitrogen requirement of 105 mg nitrogen/kg per day (0.66 g protein /kg per 
day). 
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tended to have a higher percentage of the amino acid proline than 
literature values for other red meats and lower values for tryptophan, 
aspartic acid and tyrosine. In addition, Elgasim and Alkanhal, (1992) 
indicated that amino acids in the Arabian camel meat (Camelus 
dromedarius) were comparable to beef, lamb and goats. The ratio of 
essential to non-essential amino acids (ESAA/NEAR) of camel, lamb 
and goat were very similar to beef. Watanabe et al., (2004) studied the 
effects of slaughter age, animal breed and storage time on the 
concentration of amino acids in three different cattle breeds. Age 
affected almost all amino acid concentrations, which were signi? cantly 
lower at 35 months of age than either 15 or 25 months of age while a 
significant breed effects were observed only on tyrosine.  
 
2.9 Tenderization of meat: 
2.9.1 Aging of camel meat 
Ageing is post rigor conditioning of meat. Holding carcasses or meat at 
refrigeration temperatures for an extended period following initial 
chilling and this process is now widely used in industry (Campo et al., 
2000). As meat is held, changes occur that alter the properties of meat. 
Most notable is an increase in tenderness. This occurs whether the meat 
is held as carcasses or vacuum packed, providing the meat is not frozen. 
Muscles with little connective tissue age faster but are also affected by 
the actual post slaughter conditions. Too fast or too slow cooling of 
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carcasses can both inhibit tenderization. Too fast, the muscles can cold 
shorten; too slow and the enzymes that enable ageing can be destroyed. 
Ruiz de Huidobro, (2003) studied changes in meat quality 
characteristics (pH, color, WHC and moisture content and cooking loss) 
of bovine meat during 6 days post mortem. He reported that the pH was 
significantly decreased in longissimus thoracis et lumborum muscle 
during the ? rst hours of storage from 6.5 at 45 min post mortem to 5.5 
at 24h and values remained stable during the next 5 days of ageing. The 
red color index in bulls decreased as ageing time increased (P<0.05) 
and yellow index in heifers increased signi? cantly at 6 days post 
mortem (P<0.01). WHC increased signi? cantly during ageing in heifers 
(P< 0.05) with no significant differences in males and the expelled 
water (%) in heifers meat diminished signi? cantly between the 1st and 
the 3rd days, and remained unchanged until the sixth day. However, 
moisture content and cooking loss showed no significant differences 
during ageing time. Monsón et al., (2004) reported that connective 
tissue did not change during ageing and determined the basal toughness 
of beef. Palka, (2003) studied the in? uence of post-mortem ageing on 
collagen solubility. He reported that ageing of bovine ST muscle at 4 C 
° for 12 days caused a two-fold increase in collagen solubility as 
compared to 5-day-aged samples of raw meat (27.4 vs. 13.3%). High 
total collagen content was observed after 5 days of ageing compared to 
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12 days (0.79 vs. 0.69) g/ 100 g. The effect of storage time on the 
concentration of amino acids (AA) in cattle indicated that with 
increased time of storage (1 to 10 days), all amino acids, except aspartic 
acid, increased signi? cantly (P < 0.001–0.05). Higher increased ratio 
(amino acids level at 10 days/at 1 day) was observed for methionine, 
glutamic acid, phenylalanine, tyrosine and isoleucine, which had a 5.6, 
3.8, 3.5, 3.3 and 3.1 fold increase, respectively (Watanabe et al., 2004). 
2.10 Future of camel production in Sudan: 
As the economy develops, meat and meat products are not only utilized 
to provide necessary nutrients but also expected to have additional 
functions to prevent diseases and improve mental and wellbeing of 
consumers. These demands provide great opportunities for meat 
industry. The strategies to fortify foods with functional compounds to 
increase micronutrients and limit or eliminate undesirable constituents 
can be done by dietary supplementation at animal production level, 
treatments and handling of raw meat, and reformulation of meat. Camel 
farming in Sudan is mainly traditional based on the mobility of the 
herd, the use of natural resources and a low investment in 
infrastructures, veterinary control and other services. However, the 
intensification of camel farming could represent a way for modernizing 
the camel production at the benefit of the local producers and of the 
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consumers of camel products as it is observed especially in Gulf 
countries. Regarding the trend since 1961 (FAO), the camel population 
in Sudan is growing regularly with a yearly growth of 2.55%. The 
camel population growth in Sudan is higher than the world growth rate 
(2% per year on average). However this growth was not regular. Three 
periods of camel herd growth were observed: from 1961 to 1978 
medium growth (1.3%), from 1979 to 2000 low growth (0.95) and a 
rapid growth from 2001 to date of (5.14% per year). These differences 
could be attributed to the impact of drought during the years 1980 and 
1990, but also probably to actual census of the livestock after the year 
2000 (Fig. 2-5). The number of camels in Sudan is expected to be more 
than 5.4 millions in 2025 according to the model developed by Faye et 
al., (2011) or more than 8 millions heads according to the current 
growth rate since the year 2000 (Fig 2-6). The camel meat production is 
a traditional speculation of the camel farming systems in Sudan. The 
slaughtering rate between the years 1961-2009 in this country increased 
from 3 to 5%. However, the mean carcass weight did not change (225 
kg) during this period, underlining that the meat productivity did not 
increase contrary to the world level where the mean carcass weight 
increased from 183 to 203 kg at the same time (FAO, 2010). The 
increase in camel meat production in Sudan is linked only to the  
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Fig. (2-5): Camel population growth in 
(source: 
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Sudan from 1961
Faye et al., 2011). 
 to 2009 
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Fig. (2-6): Camel population trend in Sudan from the year 
2010 (Source
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: Faye et al., 2011). 
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increase of camel population and to the slaughter rate. Compared to the 
world statistics, the meat production growth is more important in 
Sudan, especially from the years 2000 (Fig. 2-7). However, the 
production in 2009 reported by FAO, (2010) was (50,000 tons) fourfold 
the production reported in 1961 (12,000 tons). Officially, the total 
number of camels exported yearly varied from 80,000 to 150,000 heads, 
but the number changed strongly from year to year (Ministry of Animal 
Resources, 2010). Furthermore, most of the camel exportation is 
depending on informal market and there is an important gap between 
official and non-official statistics (Alary and Faye, 2011).  
The camel sector in Sudan has a high potential and it is expected to 
increase in the future due to many reasons: the separation of the South 
Sudan which will reinforce the place of camel in the livestock economy 
and the climatic changes with the risk of desertification process. The 
definition of a clear strategy at the national level would be useful for 
supporting convenient actions both for a better knowledge of the camel 
sector and for a balanced development of this important sector of 
Sudanese agriculture. The modernization of the camel production and 
processing for a better correspondence with the urban demand could be 
a way for the development of camel production in Sudan (Faye et al., 
2011). 
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Fig. (2-7): Change in camel meat production in Sudan and in the 
world 
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CHAPTER THREE 
                                                 Experiment I 
Husbandry Practices of El- Kababish Camel herders: case study 
north Kordofan State, Sudan 
 
3-1 Introduction: 
The Arabian camel is a primary inhabitant of the northern half of Africa 
and the Middle East. Dromedaries are extremely adapted to hot weather 
and harsh environments (Ismail, 1987). They serve as a source of cheap 
power for drawing water from wells, oil extraction from oil seeds and as 
beast of burden. However, beside power and transport they provide milk 
and meat in extremely harsh environments (Khan et al., 2003). Sudan 
camel population is about 4.6 million heads which rank world second after 
Somalia (FAO, 2010). Local consumption of camel meat escalated from 
1,900 tons in the year 2002 to 55,000 tons in the year 2008 (Ministry of 
Animal Resources, 2008). There are three main types of camel 
management systems: the traditional nomadic; semi- nomadic and 
sedentary systems which permit wide utilisation of the range lands (Abbas 
et al., 1992). The potential of camel husbandry for food production in arid 
areas is well appreciated among scientists and some ecologists (Faye and 
Esenov, 2005). Better camel husbandry practices can improve the life of 
African nomads who largely depend earn their living through raising 
camels. Ishag and Ahmed, (2011) reported illiteracy percentage of 89.7% 
among camel herders in north Kordofan state. Inspite of high illiteracy 
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percentage among camel herders; they developed their own strategies and 
practices to deal with different environmental changes and crises to 
achieve their goals (Yaqoob and Nawaz, 2007). In addition, 65.5% of the 
camel owners in north Kordofan were reported raising sheep and goats 
beside camels (Ishag and Ahmed, 2011). Increasing human population 
pressure on pastoral grazing areas and the economic implications resulting 
from diseases and lack of veterinary services are some of the factors that 
adversely affect traditional camel production. Farah et al., (2004) stated 
that the changing socio-economic and environmental conditions are 
leading to a change in pastoral production systems from mainly 
subsistence towards market orientation. Additionally, reproductive 
performance is low in camels due to late first parturition, long parturition 
intervals, and high calf mortality. Wilson and Bourzat, (1988) stated that 
the vast amount of research in the last two decades has contributed little to 
increased productivity. As a consequence, less attention has been given to 
camel improvements for many years when planning national development. 
The objective of this work is to study husbandry practices of El- Kababish 
camel herders in north Kordofan state, Sudan to generate the specific 
objectives: general information about camel herders, use of local 
knowledge adopted in management, reproduction and nutrition, diseases 
and treatments, marketing and use of money returns from camel sales. 
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3-2 Study Area and Methods: 
The study was conducted from March to April, 2007 in north Kordofan 
State, western Sudan in three locations dominated by El-kababish herders 
(Sodary, Jabra and Umgrfa). It also included one of the important camel 
markets (Almewlih) visited by El-Kababish herders (adjacent to north 
Kordofan state) in Khartoum state (Fig. 1a and 2b). A total of 122 camel 
herders owning 10,386 heads were interviewed using questionnaire 
technique. General information was collected concerning camel herders, 
herd size and composition, husbandry practices (management, 
reproduction and nutrition), diseases and marketing of camels. 
 
3-3 Statistical analysis: 
The data was subjected to statistical analysis using (SPSS, 2005) and 
multivariate analysis. Microsoft excel program was used to produce 
figures shown in the results. 
3-4 Results and Discussion: 
3-4-1 General information: 
Camel herders interviewed were aged between 24-70 years old (46 years 
old on average). The herders were classified into owners and shepherds 
who represented 59% and 41%, respectively. The study revealed that 
48.9% of the camel herders were illiterate, 24.6 primary schools, 2.5 
secondary schools and 16.4 preschool educations. 
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Fig. (3-1a): Map of the States of Republic of the Sudan.  
 
 
  
 
Fig. (3-1b): Location map of the study area (in 
red) in North Kordofan State.  
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However, illiteracy among camel herders was 27.9% and 22.9% for 
owners and shepherds, respectively. These findings were lower than those 
reported by Musa et al., (2006) who indicated 79% of the nomads were 
illiterate in north Darfur state (adjacent to N. Kordofan state from the 
west). High percentage of illiteracy was found in Umgrfa and Sodary 60% 
and 50.8%, respectively. 
 
3-4-2 Animals reared beside camels: 
Generally north Kordofan state is highly populated with camels and ranks 
the first (1,212,613 heads) among other states in the country (Ministry of 
Animal Resources, 2010). The northern parts of the state are dominated by 
El-Kababish camel herders. These herders (49.2%) were found rearing 
camels only. Camels and small ruminants were raised separately. The 
main purpose behind rearing small ruminants was local sales to satisfy 
family needs, religious and social ceremonies and to pay for penalties 
when camels intrude into other people's farms. These findings were in 
accordance with Gihad, (1995), Steinfeld, (1998) and Musa et al., (2006).  
3-4-3 Camel herd size and composition: 
Camel herd size ranged between 11–219 heads with an average of 
85.1±37.2 heads. The breeding males and females comprises on average 
of 61% of total herd structure (15.6% breeding males, 44.9% breeding 
females) and young calves from both sexes represented 29% (newly born 
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13.3, suckling 5.1 and weaned 10.6%) . These findings agreed with 
Wilson and Bourzat, (1988) for Gabbra and Rendille camel herd system in 
Kenya and El Zubier and Nour, (2006) who reported camel herders in the 
Sudan tended to keep more females in their herds compared to males to 
secure continuous supply of milk for the family. Percentages of breeding 
female of El-Kababish camel herd was slightly lower than the value of 
60% reported by Kohler et al (1991) for Rashida camel herds in Eastern 
Sudan and Sakr and Majid, (1998) who gave 62% breeding females in the 
Eastern Sudan too. The Larger proportion of females in herds in the area 
indicated a strong desire of herdsmen to maximize herd size and the 
importance of milk production in pastoral areas.  
 
Table (3-1) shows herd size and composition in different locations. No 
significant differences were observed in herd size, breeding males and 
females between Jubra, Sodary and Almewlih locations. Only Umgrfa 
location had significantly lower values (P<0.0001) compared with the 
other locations. The analysis of variance showed significant differences 
(P<0.05) in newly born males, weaned and suckling males and females. 
Numbers of newly born, suckling and weaned camel calves of both sexes 
were low. This could be attributed to low herd fertility, low feeding  
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- abc Means in the same row being similar superscript letters are not significantly different (P= 0.05). 
Table (3-1): Camel herd size and composition.  
Independent 
Variable 
Location Overall 
Means ± S.E P-value Jabra Almewlih Sodary Umgrfa 
Number of herds 50 15 42 15 122 - 
Herd size 95.8 a  90.7 a  84 a  47.1b  85.1 ± 3.36 0.0001 
Breeding males 17.3 a  16.2 a  15.6 a  9.1 b  15.6 ± 0.76 0.009 
Breeding females 50.1a  43.4 a  46.5 a  24.2 b  44.9 ± 1.87 0.0002 
Newly born males 5.9 b  7.9 a  4.7 b  3.4 c  5.4 ± 0.26 0.0001 
Suckling males 2.1a  1.13 a,b  1.9 a  0.5 b  1.7 ± 0.18 0.01 
Weaned males 4.5 a  4.9 a  4.5 a  2.8 b  4.4 ± 0.22  0.04 
Newly born females 6.6 b  9.5 a  4.6 b,C  3.4 c  5.9 ± 0.35 0.0001 
Suckling females 2.3 a  1.4 a,b  1.5 a  0.5 b  1.7 ± 0.19 0.01 
Weaned females 4.8 a  6.2 b  4.6 a  4.9 a  4.7 ± 0.23 0.003 
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conditions and calf mortality among herds. This was in accordance with 
Elamin, (1990) who indicated 51% fertility rate of camels in Sudan and 
agreed with the findings of Wardeh, (1989) that camel calving rate ranged 
between (40-70%) in Sudan depending on the production system adopted. 
No significant differences were found between different locations in calf 
mortality except for Almewlih (P<0.05). Total mortality rate among 
young calves in the present study was 11.8% which was in line with 
Elamin, (1990) who indicated 11.7% calf mortality in Sudan and 
contrasted the findings of Kaufmann, (1998) who reported high camel calf 
mortality of the range 22–27%. According to Abbas et al., (1993) 43.4% 
of the camel pastoralists in eastern Sudan complained from calf mortality 
while 7.4% considered it as disease priority. Ali et al., (2005) reported 
40% camel calf mortality in eastern Sudan. Hussain and Hjort, (1988) 
reported 30% camel calf mortality rate from birth to one year of age in 
Somalia. In conclusion, calf mortality is considered as one of the major 
constrains to increase in herd size and higher productivity of camels. Calf 
diarrhoea is considered as the major cause of mortality.  
 
3-4-4 Age nomenclature: 
It was found that the nomads classified their camels according to age by 
local names: less than one year of age (Huwar), one year (Mfrood), two 
years (Wadlaboon), three years (Higg), four years (Gadaa), five years 
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(Tani) six years (Rabaa) and seven years (Sdees). This finding agreed with 
Musa et al., (2006). Highly significant difference (P<0.001) was found in 
herd size at each age group except for Sdees (three pairs of permanent 
incisors).  
 
Multivariate analysis allowed identifying 5 types of camel herds (Table 3-
2) with different age groups which reflected different strategies for herd 
management. According to Kaufmann (2005) herd demography was 
influenced by the reproductive parameters: age at first calving, calving 
interval, mortality and culling rate. Herd type 4 and 5 could be considered 
as milk producers due to significantly higher percentage of breeding 
females compared to the other herds. The calving interval in camel being 
approximately 2 years, the fecundity rate is around 50% (Bakheit et al., 
2008). Wardeh, (1989) stated that camel calving rate ranged between 40–
70% in the Sudan. Usually, weaning occurred between 6 months and one 
year in most of the cases in traditional systems. So, theoretically, the 
number of new born + suckling calves is close to the number of weaned 
calves if there is no selling or purchasing and if the fecundity rate is the 
same from one year to another. Low percentage of newly born calves 
compared to breeding females was observed among herds indicating low 
fertility and fecundity rate. The ratio of newborn and suckling calves/ total 
females was around 30% in types 4 and 5 vs. around 40% in types 1 and 3  
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Table (3-2): Relationship between herd compositions as percentage of the 
herd type. 
Herd composition % 
  Types   
P-value 
1 2 3 4 5 
Breeding females 47.6 c 49.0 b 48.8 b 55.4 a 53.3 ab 0.05 
Breeding males 19.4 17.8 19.3 17.1 18.4 
NS 
Newly born females 8.7 8.9 7.5 6.8 6.6 NS 
Newly born males 7.8 9.3 6.0 6.2 6.9 NS 
Weaned females 7.6 a      3.8 c 6.3 ab 5.6 b 5.6 b 0.05 
Weaned males 7.1 4.0 5.5 5.1 5.1 NS 
Suckling females 1.0 2.5 2.8 1.9 1.9 NS 
Suckling males 0.9 c 4.9 a 2.9 b 2.0 bc 2.0 bc 0.05 
Total % 100 100 100 100 100  
- Means in the same row carrying the same superscript are not significantly different. 
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and 52% in type 2. Elamin, (1990) indicated 51% fertility rate of camels in 
Sudan. It could be suggested that the dairy producers (types 4 and 5) either 
had a low fecundity rate in general for the current year or had a higher 
culling male offspring in order to assure continuous supply of milk. 
However, the differences between weaned males and females were almost  
similar in all herd types which could suspect a low fertility rate. Moreover, 
the ratio of weaned animals/ total females varied from 15% (type 2) to 
31% (type 1). This could be due either to a very low fertility in the former 
year, or a high mortality rate especially in type 2. In herd type 1 suckling 
calves from both sexes were very low. This could be attributed to calf 
mortalities in the current year compared to other herd types. This also goes 
in line with Ali et al., (2005) who reported 40% camel calf mortality in 
eastern Sudan. The ratio of breeding males/ breeding females was around 
31% (type 4), 36% (types 5 and 2) and 41% (types 3 and 5). These 
findings indicated that breeding females comprised the highest proportion 
of the herds between 60–80% to breeding males 30–41%. This agreed 
with El Zubier and Nour, (2006) but was higher than those reported by 
Kohler et al., (1991) and Sakr and Majid, (1998) in eastern Sudan where 
breeding females ranged from 60 to 62%. This could probably be 
considered as strategy adopted by camel herders in north Kordofan state 
(mostly desert) compared to the eastern Sudan. The herders keep more 
breeding females to maintain continued milk supply, high production and 
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to compensate for losses from high mortalities among calves and also to 
safe guard against the low fecundity rate as a result of drought and/or 
diseases as well as selling of mature male camels due to their high prices 
compared to females. 
 
3-4-5 Husbandry practices: 
3-4-5-1 Castration of males: 
It was found that 40.2% of the camel herders practiced male castration for 
the purpose of fattening and behavior control. Different tools were used 
for castration like knives (27%) and other materials such as sharp blades 
(13.2%) with a high significant differences (P<0.001) among locations. 
The herders indicated that castration was practiced at the age of three 
years (Higg) to five years (Tani) old.  
 
3-4-5-2 Reproduction and Breeding practices: 
Breeding females within the herds were grouped into first and multiparity 
females which represented 17.1 and 82.9% respectively of the total 
breeding females. Significant differences were found between Umgrfa and 
other locations for the first parity and multiparity (P<0.05). Two breeding 
seasons were indicated by the majority of the herders (69.7%) which were 
autumn (July - October) and winter season (November - February) due to 
the availability of water and green fodder. However, 27% of the herders 
indicated that the breeding season took place only during autumn, while in 
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3.3% of the respondents indicated that the breeding season was in winter 
only. These findings agreed with Lahou et al., (1989) who stated that 
reproduction performance was a seasonable phenomenon that took place 
during the rainy season and Dioli and Stimmelmayr, (1992) who 
concluded that males of camels started the breeding season during autumn 
and stopped during the dry season in summer. These findings as well goes 
concurrently with those reported by Megersa et al., (2008) in Ethiopia that 
the major breeding and calving seasons extended from April to June while 
a minor breeding season extended from October to November. Such 
breeding seasonality impairs reproductive performance considerably 
because if conception fails in one rainy season, it is usually delayed until 
the next (Kaufmann 2005). 
 
Most of the camel herders were found to practice inbreeding (79.5%) to 
conserve important production characteristics in their herds, while 20.5% 
followed out-breeding to improve the potentials of their herds. The sex 
ratio between breeding males and females was one male to 25 females 
however, in some herds the sex ratio was one male to 50 females. This 
was in accord with the findings reported by Musa et al., (2006) who 
indicated that one breeding male was used for 25 females. Males were 
kept with females in the same herd except during fattening; they were 
separated in one herd. 
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3-4-5-3 Nutrition and management: 
The herders were able to give a list of trees and grasses preferred by 
camels (Table 3-3). Multi plant species from grazing and browsing trees 
and shrubs were followed by the herders in the range land as a feeding 
strategy to their camel herds for better utilization of the pasture. Dereje 
and Udèn, (2005) indicated that browsing/grazing was the dominant 
daytime activity of camels in both dry and wet seasons, followed by 
walking, resting and ruminating. According to this study camel herders 
indicated that camels preferred browsing (56%) than grazing (44%). 
Grazing was increasingly practiced due to the continuous falling of trees 
from camel habitat which agreed with Bakheit and Majid, (2006) who 
indicated that dromedary camel was predominantly a browser except in 
the northern part of north Kordofan and Darfur and in the Gizo grazing 
areas where grass was the food of choice. No supplementary diets were 
given by the herders except the addition of salt and "Atroon" (raw Ca2 
(HCO3) to drinking water as a mineral supplement which confirmed the 
results reported by Musa et al., (2006). 
 
The nutritional management practices of El Kababish camel herders are 
linked to their mobility (Table 3-4). Nomadism is extensively practiced by 
camel herders. Large number of camel owners (98.4%) indicated that they 
practice seasonal migration (south–north) in autumn and (north–south) 
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during summer seeking water and pasture to their animals. This migration 
took on average 5.8 ± 1.2 months depending on the availability of water 
and pasture. Wardeh, (1989) reported that in western Sudan the herds 
move in the rainy season from south to the north for long distances that 
could reach 1000 km in search of water and feed. Similarly, in eastern 
Sudan (Rashida) were reported to practice seasonal migration in a north-
south direction. The amplitude of their annual migration varies from year 
to year depending on the amount of rainfall, but in a normal year the range 
is between 200 and 300 km (http:// en.wikipedia.org/wiki/Camel farming 
in Sudan- Accessed April. 2011). Time spent on both browsing and 
grazing was significantly higher (P<0.001) in winter compared to summer 
season [12.3 versus 10.5 hours] and the rest of the day was spent in resting 
and rumination. These findings were lower than those reported by 
Khorchani et al., (1992) who indicated that camels spent 77.3% of the day 
time feeding. He also concluded that in summer, the grazing was reduced 
to the end of afternoon and no further increase in grazing time would, 
therefore, be expected if the herds were allowed to stay longer on the 
range. Wardeh, (1999) reported that camels spent 6-8 hours per day in 
good range condition and 12 hours in poor ones, while Kassilly, (2002) 
reported camel grazing day length was fixed to about 10 hours per day. It 
could be concluded that forage quality influences feeding patterns of 
camels, however, under adverse pasture conditions; the time available for 
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Table (3-3): Desirable trees and grasses reported by Kababish camel herders. 
 
No. 
Trees Grasses 
Local name Scientific name Local Name Scientific name 
1 Hashab Acacia Senegal Bgel Blepharis linarifolia 
2 Kitr Acacia mellifera A-shoup Cyprus rotundus 
3 Sial Acacia tortilis Shara Indigofera hochstetter 
4 Hijlej Balanites aegyptica Hasknet Cenchrus biflorus 
5 Marikh Leptadenia pyrotechnica Gaw Aristida pallida 
6 Sareh Maerua crassifolia Rabaa Trianthema pentandra 
7 Sidir Ziziphus spina-christi Sesame jemal Sesamum alatum 
8 Laot Acacia oerfota or nubica Dahayan Farsetia longisiliqua 
9 Andrab Cordia sinensis Difra Echinochloa colonum 
10 Godiem Grewia tenax Hantont Ipomoea kotschyana 
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- Means in the same row carrying the same subscript are not significantly different.
Table (3-4): Nutritional management practices by EL-Kababish camel herders.  
Measurement 
Place of interview Overall 
Mean ± SE P-level Jabra Almewlih Sodary  Umgrfa 
Number of herds 50 15 42 15 122 - 
Seasonal migration (month) 6.0 b 5.0 c 5.4 b, c 7.6 a 5.8 ± 1.2 0.001 
Browsing & grazing in winter (hrs) 12.6 a 12.0 a 12.2 a 12.1 a 12.3 ± 0.09 0.06 
Browsing & grazing in summer (hrs) 10.9 a 10.3 a 10.1 a 10.0 a 10.5 ± 0.15 0.12 
Water interval in  winter (days)                    18.1 b 24.5 a 21.2 a, b 22.8 a, b 20.6 ± 0.76 0.02 
Water interval in  summer  (days) 7.6 a  7.1 a 7.4 a 5.7 b 7.3 ± 0.12 0.0001 
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grazing would be a limiting factor to their dry matter (DM) and nutrient 
intake. Watering interval of camel herds was found to be (5-8) days with 
an average of 7 days during summer; however, in winter it increased to 
(18–24) days with an average of 20 days. This indicated that watering 
interval depended on many conditions like: season of the year, ambient 
temperature, and quality of pasture (availability of succulent plants) and 
water. This agreed with Ramet, (2001) who concluded that when green 
forage was available in humid climates; the camel might go several 
months without drinking. Dioli and Stimmelmayr, (1992) stated that in 
dry season when temperature was high watering of camels was required 
every 5 to 8 days. However, Wilson, (1984) indicated that camels might 
drink every 8 to 10 days in hot conditions, while Kohler et al., (1991) 
found that Rashida camels required watering once every 6 days. This 
could be explained by the ability of camels to lose body weight and water 
during dehydration compared to other species. Farid (1989) reviewed the 
effect of water deprivation in camels, Merino sheep and shorthorn cattle. 
He indicated that 20% body weight loss occurred in 7 to 10 days in 
camels, 4 to 5 days in sheep and 2 to 3 days in cattle when the mean 
maximum temperature was above 40° C. Death from the loss of 28-32% 
of body weight occurred in about 15 days in camels, 7 days in sheep and 4 
days in cattle. Camels were found to be able to decrease metabolic rate 
during extreme weather cases (Dahlborn et al., 1992).  
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3-4-5-4 Identification of camels: 
 
Animals were identified by the herders using hot branding or marking to 
draw certain tribal and owner symbols in different parts of the camel's 
body. These marks or symbols are known by the herders from different 
tribes. Kohler (2004) reported that camel herders practiced branding with 
specific symbols of tribe, village or clan to identify and control their 
herds. Hot branding of camels on neck+thigh represented about 19%, 
followed by neck + abdomen + thigh about 15%, while thigh branding 
alone represented 4% of camel herds (Fig. 3-2). 
 
3-4-5-5 Diseases: 
Table (3-5) illustrates local and English names of diseases in percentage 
ranking as their importance to the herders and type of medication used. A 
total of twelve camel diseases were reported by El-Kababish herders 
which were locally known as: Kassara, Hulaa, Juffar, Jarab, Reah, Ghoob, 
Godad, Nehas, Na'aita, Julakh, Jadari and Reet. It was observed that: 
Juffar, Jarab, Hulla. Godad and Reah diseases had the highest percentage 
as important camel diseases in the area. These findings agreed with 
Hakimdar (1987) who reported that Trypanosomosis (Jufar) affected all 
ages of camels in Sudan especially more than 4 years old. However, Fadl- 
Elmula et al., (1994) reported that Mange disease (Jarab) vastly spread 
among camel calves less than 2 years old during autumn and winter. It 
also agreed with Dioli and Stimmelmayr, (1992) and Chandra et al.,(1998) 
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Fig. (3-2): Practice of hot branding by 
north Kordofan state, Sudan.
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Table (3-5): Local and English name of camel diseases, infection rate and type of treatment reported by El-
Kababish camel herders.  
Disease 
  (%) Type of treatment 
Local name English name  
Juffar Trypanosomosis 73.8 Veterinary medicines 
Jarab Mange 68.9 Veterinary medicines + local traditional medication 
Hulaa Haemonchosis 55.7 
 
         "            "                      " 
Godad Abscessation 54.1                      "            "                      " 
Reah Abscises 44.3                      "            "                      " 
Nuhas Pneumonia 37.7                      "            "                      " 
Jadari Camel-Pox 36.1 Veterinary medicines 
Reat Calve diarrhea 28                                     "            " 
Ghoop Ringworm 12.3 Veterinary medicines + local  traditional medication 
Na'aita Contagious skin necrosis 9.8 "            "                           " 
Julakh Contagious ecthyma  4.9                 "            "                           " 
Kassara Tick paralysis 4.1                  "            "                            " 
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that camel pox (Jadari) was one of the most important viral diseases in 
camels which exist in eastern Africa. Agab et al., (1998) concluded that 
(calf diarrhea) caused mortalities that occurred during summer season 
amounting to 39.1% and 80% in winter. Also Ali et al., (2005) reported an 
incidence of 83% calf diarrhea in camel herds from eastern Sudan while 
Abbas et al., (1992) indicated that camel calf diarrhea affected about 33% 
of the neonates causing 23% mortality in northeast Sudan. The herders in 
the present work indicated the use of veterinary treatment in addition to 
traditional medicine for the treatment of some diseases. 
 
3-4-5-6 Marketing: 
Camels were marketed in local markets: Almzroob, Almwelih, Umgrfa, 
Hmrat- Elsheikh, Umbadir, Sodary and Elobeid or either exported to the 
neighboring countries as Egypt, Libya, Saudi Arabia and Gulf States. 
These findings agreed with Ahmed, (2000) and Kohler et al., (1998). The 
percentage of marketed males and female camels were 90.2% and 63.1%, 
respectively (Table 3-6). This might be attributed to the high prices of 
males which are exported to neighboring countries compared to females 
which are slaughtered at old ages for local consumption. In addition to that 
local regulations limit export of female camel to 200 individuals annually. 
Babiker and Tibin (1989) reported that camel's males were marketed in 
the age of 5-6 years mainly in the export market; however, females were  
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Table (3-6): Numbers and percentages of camels locally marketed by 
El-Kababish camel herders in the year 2007. 
 
 
 
 
 
 
 
 
 
 
 
 
Sex No. of camels marketed 
Percentage of 
marketed 
Percentage of 
un marketed 
Males 
1 - 5 83.6% 
9.8% More than 5 6.6% 
Total 90.2% 
Females 
1 - 5 59.9% 
36.9% More than 5 3.2% 
Total 63.1% 
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mainly slaughtered for local consumption. Most of the camel herders 
(75.4%) indicated that they expended the revenue of camel sales in other 
activities rather than adding new animals to their herds. These activities 
included: purchase of food for their families, education of children, 
purchase of veterinary medicines, watering the animals, paying Zakka and 
penalties of intruding into other people's farms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
79 
 
CHAPTER FOUR 
                                                Experiment II 
 
Effect of Season on Contractile and Metabolic Properties of El-
Kababish camel Muscle (Camelus Dromedarius) 
 
 
 
4-1 Introduction: 
Camel is a unique animal having the ability to survive and produce with 
low cost of feeding under harsh conditions compared to other livestock. It 
is a good source of meat in areas where the climate adversely affects other 
animal’s production efficiency (Kadim et al., 2006). Traditionally, camel 
meat comes mostly from old males and females that are primarily kept for 
breeding, milk, racing, and transportation rather than for meat production. 
General consumers view is that camel meat is unacceptably tough, but in 
fact meat from young camels has been reported to be comparable in taste 
and texture to beef (Kurtu, 2004). Carcass characteristics of camels were 
equal to those of other red meat animal species (Elgasim and Alkanhal, 
1992). Chemically camel muscles had been found to have low fat content, 
high water holding capacity recommending camel meat as a healthy food 
with good processing properties (Babiker and Yousif, 1990). However, 
there is evidence of a great demand for fresh camel meat and for camel 
meat in blended meat products even in societies not herding camels 
(Babiker, 1984 and Pérez et al., 2000). Characteristics of camel and cattle 
meat as well as muscle fibre types had been studied by many authors 
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(Lefaucheur, 2010; Kadim et al, 2009a and b; Costa et al., 2008, 
Vestergaard et al., 2000 and Rose et al., 1992). Different isoforms of 
Myosin Heavy Chain (MyHC) in bovine muscle were described: MyHC I, 
MyHC IIa and MyHC IIx (Picard et al., 1998). The MyHC IIb had been 
reported in some cattle from the Blonde d’Aquitaine French breed (Picard 
and Cassar-Malek, 2009). Muscle characteristics and meat quality have 
been known to be affected by growth and breed type (Renand, 1990), age 
and sex (Monin, 1990) as well as feeding level and diet composition 
(Geay et al., 2001). Klont et al., (1998) noted that muscle metabolic and 
contractile types are adaptable and may be modified in living animals by 
environmental conditions and genetic selection. They indicated that in 
cattle, environmental effects were more important due to the large 
variations in production methods. To our knowledge, the effect of season 
on camel meat characteristics has not been reported. The present work 
aimed to investigate the effect of season on muscle characteristics of El-
Kababish one humped camel (Camelus dromedarius). 
 
4-2 Materials and Methods: 
4-2-1 Sample collection: 
Thirty fattened, intact males of El-Kababish one humped camel, 2-3 years 
of age were used in this study. Ten camels were slaughtered at each 
season of the year: 2008 winter (Feb. – Mar.), summer (May-June) and 
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autumn (Aug.-Sept.). Slaughter was performed following similar routine 
as described in Yousif and Babiker, (1989). Average live weights were 
319.4, 272.7 and 232.6 kg in winter, summer and autumn, respectively. 
Mean values of temperature (C°) and relative humidity (%) were (26.5 C°, 
22.5%), (35 C°, 24.5%) and (32 C°, 44.5%) in winter, summer and 
autumn, respectively. 
 
Muscle samples were collected immediately post-slaughter from 
longissimus thoracis (LT) of the right carcass side between the 5th and 8th 
ribs. Samples were placed in plastic bags and transported within 60 min of 
slaughter to the laboratory in an insulated box filled with ice. Visible fat 
was trimmed from the muscles and each muscle was sub-sampled 
(approximately 5 g sample weight) at the 5th rib. Sample was chopped into 
small pieces (0.5 cm), immersed in liquid nitrogen and stored in well tight 
plastic tubes at -18°C for a week before transportation to INRA 
laboratories, France where samples were stored at –80° C awaiting 
analysis of metabolic and contractile characteristics. Samples were also 
taken at the 6th rib for the determination of fresh muscle ultimate pH (pHu) 
and chemical composition. The remainder of the muscle was packed under 
vacuum and stored at -18° C for the measurements of frozen meat color 
and pHu.  
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4-2-2 Chemical composition: 
Muscle samples were ground to a homogenous mass in a grinder then used 
for chemical analyses. Chemical composition of the muscle tissue was 
measured according to standard methods of AOAC (1990). Crude protein 
was determined using a Foss Tecator Kjeltec 2300 Nitrogen/Protein 
Analyzer. Fat was determined by Soxhlet extraction of the dry sample, 
using petroleum ether. Ash content was determined by ashing samples in a 
muffle furnace at 500° C for 24 h. 
 
 
4-2-3 Meat color and pH: 
Muscle color co-ordinates (l, a and b) were determined after thawing of 
frozen samples to 2° C as described by Allais et al., (2010). The l value 
relates to lightness, the a value to red–green hue where a positive value 
relates to the red intensity; and the b value to the yellow–blue, where a 
positive value relates to yellow intensity. Ultimate muscle pH (pHu) was 
measured using a portable pH meter (Hanna waterproof pH meter, Model 
H I 9025, Italy) and a temperature adjusting probe. Readings were 
recorded in triplicates for each measurement; the pH probe and the 
thermometer were inserted into muscles to a similar depth (1.5 cm). 
 
4-2-4 Metabolic enzyme activities: 
The metabolic muscle type was determined by measuring enzyme 
activities. Glycolytic enzyme activities: phosphofructokinase (PFK, EC 
2.7.1.11) and lactate dehydrogenase (LDH, EC 1. 1. 1. 27), and oxidative 
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enzyme activities: isocitrate dehydrogenase (ICDH, EC 1.1.1.42) and 
cytochrome-c oxidase (COX, EC 1.9.3.1) were measured 
spectrophotometrically, according to the methods and the detailed protocols 
cited by Jurie et al., (2006). One unit of the enzyme was defined as the 
amount which catalyses per min the disappearance of 1 µmol of NADH for 
PFK and LDH, the reduction of 1 µmol of NADP for ICDH and the 
oxidation of 1 µmol of cytochrome-c for COX. Enzyme activities (means of 
triplicate) were expressed in µmol per min per gram of wet muscle 
(µmol/min per g muscle). 
 
4-2-5 Contractile characteristics of LT Muscle: 
The contractile muscle type was determined by quantifying the different 
myosin heavy chain (MyHC) isoforms by electrophoresis SDS-PAGE 
according to the method of Talmadge and Roy, (1993) and adapted for 
bovine muscle by Picard et al., (2007). Each hole of gel was loaded with 4-
5 µg of myofibrillar protein and electrophoresis was performed at a 
constant voltage of 70 volts for 30 hours at 4° C. The relative proportions 
of slow isoforms (% MyHC I) and fast isoforms (% MyHC IIa, IIx and IIb) 
were determined after staining of gels in a solution of Coomassie Blue 
R250 and quantifying using Image Quant TL v2003. 
 
4-3 Statistical analyses: 
Data were analyzed using Statistical Analysis Systems package (SAS, 
2001) to evaluate the effect of seasons on muscle characteristics of El-
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Kababish camels (Camelus dromedaries). Significant differences between 
means were assessed using Duncan multiple range test. Principal 
Component Analysis (PCA) was used to interpret the relationship between 
different parameters as previously used in cattle for carcass composition 
(Hocquette et al., 1999; Alberti et al., 2008) and meat quality (Destefanis 
et al., 2000). 
 
4-4 Results and Discussion: 
4-4-1 Chemical composition: 
The overall chemical composition of longissimus thoracis muscle showed 
mean values of 76.9, 23.1, 17.2, 2.6 and 1.6 % for moisture, dry matter, 
crude protein, intramuscular fat and ash content, respectively. Generally 
the mean values of chemical composition in the present work were within 
the range reported previously for moisture (70-77%), crude protein (20-
23%), fat (0.5-9.8%) and ash (1-1.3%), for LT muscle of 1-3 years old 
camels (Babiker and Yousif, 1990, El-Faer et al., 1991, Kamoun, 1995, 
Al-Sheddy et al., 1999, Al-Owaimer, 2000, Al-Ani, 2004, Dawood and 
Alkanhal, 1995, Kadim and Mahgoub, 2006 and Kadim et al., 2006, 2008a 
and 2009a).  
 
No significant differences were found among seasons for moisture, dry 
matter and intramuscular fat content in camel LT muscle (Table 4-1).  
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Table (4-1): Effect of season on chemical composition of longissimus thoracis 
muscle of El-Kababish camels. 
 
Parameter (%) 
Season   Overall 
mean 
Effect of 
season 
(P- value) Winter Summer Autumn S.E 
Moisture  76.7 76.8 77.3 0.26 76.9 0.82 
Dry matter  23.3 23.2 22.7 0.27 23.1 0.82 
Crude protein  16.8 b 17.3 a 17.5 a 0.08 17.2 0.0002 
Intramuscular fat  2.7 2.5 2.6 0.17 2.6 0.87 
Ash  1.4 b 1.5 b 1.8 a 0.05 1.6 0.0002 
 
S.E= Standard error of the mean, Overall= Overall mean of the three seasons. 
a,b means with different superscripts within  a row are significantly different (P<0.05). 
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However during winter season both crude protein and ash were either 
lower or significantly lower than values for summer and autumn seasons. 
The decrease in crude protein and ash during winter might be due to 
nutritional factors as winter feed requirements are higher than that of the 
other seasons. Crude protein values of camel LT muscles during the 
different seasons of the year were slightly lower (17.2%) than values 
earlier reported by Babiker and Yousif, (1990) for desert camels in the 
same region (21.6 %), as well as Dawood and Alkanhal, (1995), Kamoun, 
(1995), Al-sheddy et al., (1999) and Kadim et al., (2006 and 2009a) who 
gave crude protein values of the camel LT muscles of 20.0, 18.7, 21.3, 
22.7 and 21.6%, respectively. Ash content was significantly higher in 
autumn than in summer and winter (1.8 vs. 1.5 and 1.4%, Table 4-1) and 
almost similar to that reported by Babiker and Yousif, (1990) and Kadim 
et al., (2009a).  
 
 
In general, camel meat is high in moisture content, moderate in protein 
and ash, but low in fat, which clearly confirms the fact that camel meat is 
healthier due to its low intramuscular fat content compared to other 
species (for review, see Hocquette et al., 2010) like cattle (Sasaki et al., 
2001 and Delgado et al., 2005), sheep (Farid, 1991 and Sen et al., 2004) 
and goats (Mahgoub et al., 2004, Sen et al., 2004 and Gaili and Ali, 1985).  
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4-4-2 Muscle pH and color: 
Table (4-2) shows the effect of season on muscle pHu and color of camel 
LT muscle. Musle pHu values determined in fresh and thawed samples 
were almost identical, only the later were included in the table. The mean 
value pHu was 5.8 which was within the pHu range value 5.4-6.0 reported 
by Kadim and Mahgoub (2006), Shariatmadari and Kadivar, (2006), 
Kadim et al., (2006, 2008b and 2009a) for camel longissimus dorsi muscle 
at 1-3 years of age. Muscle pHu in the present work was significantly 
higher in autumn than in winter or summer respectively (6.03 vs. 5.7 and 
5.8, P=0.002). This suggests that the muscle tissue may have low stored 
muscle glycogen during autumn due to a slightly higher (but not 
significant) moisture content of the meat during this season. Soltanizadeh 
et al., (2008) and Kadim, et al (2006) indicated that camels had higher pH 
values compared to bovine especially in young ages due to slow/or low 
level of stored glycogen. 
 
The overall mean values of l, a and b were 34.0, 13.2 and 11.2, 
respectively. The l and a values were lower while the b values were higher 
than that reported by Kadim et al., (2006, 2009a and 2009b) for camel LT 
muscle. These differences could be attributed to breed differences. 
Between seasons, significant differences were observed in a (P= 0.03) and 
b values (P= 0.0001), while, no significant differences were observed in l  
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Table (4-2): Effect of season on muscle pHu and color values of 
longissimus thoracis muscle of El-Kababish camels.  
 
Parameter 
Season 
S.E Overall Mean 
Effect of 
season 
(P- value) Winter Summer Autumn 
pHu 5.74 b 5.82 b 6.03 a 0.24 5.8 0.002 
Muscle Color:       
Lightness 34.6 34.9 32.6 0.45 34 0.32 
Redness 13.3 ab 11.8 b 14.6 a 0.68 13.2 0.03 
Yellowness 11.3 a 12.9 a 9.40 b 0.35 11.2 0.0001 
 
S.E= Standard error of the mean, Overall= Overall mean of the three seasons. 
a,b means with different superscripts within  a row are significantly different 
(P<0.05). 
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values. The b values were significantly lower in autumn than in summer 
and winter (9.4 vs. 12.9 and 11.3), and a values were significantly higher 
in autumn (14.6) than summer (11.8). These findings indicated that camel 
meat color was variable between seasons. It was significantly darker red in 
autumn than in summer and less yellow in autumn than in summer and 
winter. Young et al., (2003) found significant effect of seasons on color 
and pH of LT muscle in cattle:  The l, a and b values were significantly 
lower (P<0.05) for cattle slaughtered in winter compared to summer, 
autumn and spring. In contrast, Kadim, et al., (2004) found significant 
increase in l, a and b values in bovine during cold season compared to hot 
season. They concluded that season had a signi? cant effect on meat quality 
characteristics of beef LT muscle: ambient temperatures of approximately 
35° C had increased the ultimate pH and resulted in darker meat color (l, a 
and b reduced). Camel LT muscle is characterized by more redness and 
less yellowness in autumn than in the other seasons of the year which 
make the meat dark red in color during this season.  
 
4-4-3 Contractile characteristics of camel LT Muscle: 
The separation of different MyHC isoforms by electrophoresis SDS-
PAGE revealed two MyHC isoforms (MyHC I and MyHC IIa) in camel 
LT muscle (Fig. 4-1). The fast isoforms (MyHC IIx and MyHC IIb), 
described in bovine muscle (Picard and Cassar-Malek, 2009) and found in 
bovine LT muscle were taken as a reference for our electrophoresis  
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Fig. (4-1): Separation of different myosin heavy chain (MyHC) 
isoforms of longissimus thoracis
electrophoresis SDS
Longissimus thoracis 
IIb are myosin heavy chain isoforms.
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(Figure 1), but they were not revealed in any of the camel LT samples. 
This result fits with the absence of IIX (fast glycolytic) fibres in camel LT 
in the present study. The proportions of the MyHC I and MyHC IIa 
isoforms were significantly modified with season (P= 0.0001), (Table 4-
3). The MyHC I percentage was the highest in winter (85.2), least in 
autumn ( 52.9) and intermediate in summer (65.4), and inversely the 
MyHC IIa percentage was least in winter (14.8), highest in autumn (47.1) 
and intermediate in summer (34.6). The fibre types differ in MyHC 
isoforms among muscles. The major MyHC isoforms (slow MyHC I or 
fast MyHC IIa, IIx and IIb) determine the contractile activity of muscle 
fibres. So slow MyCH I and fast MyHC IIa, contractile and metabolic 
activities. The common classification involves slow twitch oxidative (SO, 
type I), fast twitch oxidative glycolytic (FOG, type IIA) and fast twitch 
glycolytic (FG, type IIX and type IIB) fibre types. Consequently slow 
fibres have a higher oxidative activity as they are able to use mainly fatty 
acids as energy-yielding nutrients. Unlike this study, the presence of type 
IIB muscle fibres (or FG fibres) has been reported by Kadim et al., 
(2009a) and Kassem, et al., (2004) in LT muscle of camels. This 
discrepancy can be explained by the fact that these authors used 
histochemistry to assess both the contractile and metabolic properties of 
muscle fibres unlike in our study in which we assessed myosin heavy 
chain proportions only. A recent work indicated that a classification based 
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on ATPase and SDH activities may not be always appropriate, since FOG 
fibres may have no SDH activity and may be confused with FG fibres 
(Oury et al., 2010). The overall mean percentages of type I and type IIa 
fibres in the present study were 67.8 and 32.2 %, respectively. In the 
present work, it was observed that the proportion of type I fibres were 
higher than type IIa among seasons, which is generally in line with the 
results of Kadim et al., (2009a) who observed a higher proportion of type I 
(33.1%) compared to type IIa (25.2%). Rose et al., (1992) also reported a 
higher proportion of type I compared to type IIa muscle fibres in racing 
camels during resting time with an average of 70.3 and 28.0 %, 
respectively.  
 
 
In contrast, Kadim et al., (2009b) found a low proportion of type I versus 
type IIa and IIb (29.9 vs. 40.1 and 29.9) %, respectively, in LT muscle of 
1-3 years old camels, while Kassem et al., (2004) reported mean 
percentages of 14.5%, 46.7% and 38.8% for type I, IIa and IIb fibres in LT 
muscle of 2 years old camels, respectively. In addition to breed 
differences, genotype and seasonal ambient temperature were reported to 
affect muscle biochemical characteristics (Gondret et al., 2005, Gunning 
and Hardeman, 1991 and Pette and Staron, 2001). The decrease in the 
proportion of type I MyHC isoforms (from 85.2 in winter to 52.9 % in 
autumn) is associated with an increase in type IIa MyHC isoforms (from 
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14.8 in winter to 47.1 % in autumn) concomitant to high values of ICDH 
and COX activities in autumn, which may suggest that oxidative activities 
of type IIA fibres is higher than that of type I fibres in camel muscle 
(Table 4-3) as described in sheep muscle (Briand et al., 1981) but not in 
bovine muscle (Talmant et al., 1986). It was observed that camels in the 
present work had small movement during winter and summer compared to 
autumn, which goes in line with the results of Jurie et al., (1998) who 
indicated that loose housing increased muscle oxidative metabolism as 
compared with tying-type housing. Vestergraad et al., (2000) also stated 
that the frequency of type IIa fibres were higher in bull muscles at pasture 
compared with tie-stall housing.  
 
4-4-4 Metabolic enzyme activities: 
Table 4-3 also reports metabolic enzyme activities in LT muscle of 
camels. Mitochondrial enzymes, both oxidative ICDH and COX activities, 
as well as glycolytic PFK activity significantly differed among seasons, 
whereas no significant differences were observed in glycolytic LDH 
activity among seasons. The PFK activity was almost 2 fold higher in 
autumn than in winter and summer [1.8 vs. 1.1 µmol/min per g muscle]. 
The COX activity was 2 fold lower in winter than in autumn and summer 
[5.6 vs. 9.6 and 10.9 µmol/min per g muscle]. The ICDH activity was 
significantly different among the 3 seasons, the highest in autumn (2.7),  
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Table (4-3): Effect of season on muscle metabolic enzyme activities 
(µmol/min per g muscle) and percentage of myosin heavy 
chains (MyHC) isoforms of longissimus thoracis muscle of 
El-Kababish camels. 
 
Parameter 
Season 
S.E Overall mean 
Effect of 
season 
P- value Winter Summer Autumn 
Enzyme activity: 
PFK 1.13 b  1.13 b  1.81 a  0.16 1.3 0.008 
LDH 256 254 246 18.3 252 0.93 
ICDH 1.11 c 2.01 b 2.73 a  0.19 1.9 < .0001 
COX 5.62 b 10.9 a 9.64 a 1.13 8.8 0.008 
MyHC:       I 85.2 a 65.4 b  52.9 c 2.83 67.8 < .0001 
IIa 14.8 c 34.6 b 47.1 a 2.83 32.2 < .0001 
 
S.E= Standard error of the mean, Overall= Overall mean of the three seasons, 
PFK= Phosphofructokinase, LDH= Lactate dehydrogenase, ICDH = Isocitrate 
dehydrogenase, COX= Cytochrome-c oxidase. a, b, c means with different 
superscripts within  a row are significantly different (P<0.05). 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
95 
 
the lowest in winter (1.1) and intermediate in summer (2.0 µmol/min per g 
muscle). These differences could be attributed to variations in temperature 
and humidity between seasons, which would indicate a possible effect of 
seasonal factors on enzymes activity. The muscular metabolism in camel 
LT muscle is less oxidative in winter than in other seasons. To our 
knowledge, no studies reported any evaluation of metabolic enzyme 
activities in camel muscle. There is a lack of information regarding 
enzymes activities in camel muscle. Also Jurie et al., (2005) indicated that 
LDH activity in LT muscle of bulls (892 µmol/min per g muscle) was 
higher than the present result, while ICDH activity (1.9 µmol/min per g 
muscle) reported by the same authors was between summer and winter 
values for ICDH activity in the present study (1.1 and 2.0 µmol/min per g 
muscle).  
 
4-4-5 Relationship among the different parameters studied: 
Fig. 4-3a, illustrates the relationship between different parameters studied: 
enzymes activities, fibre type, chemical composition and pHu of muscles 
and color  while Fig. 4-3b shows the distribution of animals according to 
season of slaughter. Principal component analysis (PCA) was performed to 
study the relationship between chemical composition, muscle pHu, meat 
color parameters as well as metabolic and contractile muscle 
characteristics (total: 14 variables).   
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The first 2 axes in Fig. 4-3a explained about 49% of the total variance. 
MyHC IIa proportion, metabolic enzyme activities (PFK, LDH, ICDH), 
pHu, ash, protein proportions and redness on one hand, and MyHC I 
proportion, lightness and yellowness on the other hand, were the most 
important variables associated with axis 2 (PC2). As shown in Fig. 4-3b, 
PC1 discriminates the camels slaughtered in autumn (A) from those 
slaughtered in winter (W) and summer (S). For PC1, moisture proportion 
on one hand and dry matter and fat proportion on the other hand, were the 
most important variables associated with axis 1. PC2 discriminates 
between camels slaughtered in winter (W) from those slaughtered in 
summer (S). The PCA showed a high positive correlation (0.82) between 
the proportion of fibre type IIa and ICDH activity, while medium 
correlation was found with LDH, PFK and COX enzyme activities (0.42, 
0.53 and 0.41; P<0.05), respectively. This confirms that type IIa fibres are 
intermediate in their metabolism (oxido- glycolytic), due to the strong 
relationship to ICDH (marker enzymes of the tricarboxylic acid cycle), 
COX (an enzyme of the respiratory chain) and PFK (an enzyme of 
glycolytic pathway). This observation was in line with the results obtained 
by Klont et al., (1998) and Jurie et al., (2006 and 2007). The proportions 
of types IIa and I muscle fibres were found logically negatively correlated 
(P<0.01). On the other hand, ICDH activity was significantly correlated 
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(P<0.01) with PFK and COX (0.61 and 0.54) activities respectively. In 
addition, activities of PFK and LDH (another enzyme of the glycolytic 
pathway) were also positively correlated (r=0.53; P<0.01, Fig. 3a). On 
average, this analyses indicates that type IIa muscle fibres have a higher 
metabolic activity (oxidative and glycolytic) than type I fibres. The 
relationship between PFK and muscle pHu has been reported earlier by 
Trivedi and Danforth, (1966), Pettigrew and Frieden (1979) and Ichihara 
and Abiko, (1982) who indicated that PFK activity is highly sensitive and 
inhibited by low muscle pH in situ in rabbit, frog and canine muscles. 
Rhoades et al., (2005) indicated that PFK activity in bovine muscles was 
depressed in low pHu. These findings contrasted the present results that no 
significant correlation coefficient (P>0.05) was observed between PFK 
enzyme and muscle pHu, although higher pHu value and PFK activity 
were observed in autumn compared to other seasons (P<0.001). 
Significant correlation (P<0.01) was found between pHu and ICDH 
(0.59). No signi? cant relationship was observed in the present findings 
between pHu, or LDH with color (l, a, and b) values. This contrasts with 
the results of Mancini et al., (2004) who reported that LDH is involved in 
regeneration of postmortem NADH from lactate and, consequently, in 
metmyoglobin reduction which diminishes redness of meat. However, the 
correlations between PFK and l on one hand, and a values were 0.26 and -
0.43, respectively, which indicated that camel meat color was brighter and 
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less red when PFK activity (i.e. glycolytic metabolism) was high. This fits 
with the findings reported by Cuvelier et al., (2006) in bovine LT muscle 
who indicated that bovine meat was redder when COX activity (i.e. 
oxidative metabolism)  increased and brighter when LDH activity  (i.e. 
glycolytic metabolism) was high. Significant correlation coefficient was 
observed between pHu and ICDH (0.59, P<0.01,). The b value was also 
negatively correlated (P<0.05) with ICDH (-0.39).  
 
In conclusion, the results from this study indicated that muscle fibre 
characteristics of El-Kababish camels longissimus thoracis muscle as well as 
enzymes activities could be influenced by seasonal factors. The study also 
revealed that the season had a significant effect on chemical composition of 
LT muscle (ash and protein), as well as meat colour in terms of a and b 
values. 
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CHAPTER FIVE 
Experiment III 
 
Effect of aging on chemical composition and quality of El Kababish 
one humped camel (Camelus dromedarius) meat 
 
5-1 Introduction: 
Aging of meat is a highly complex phenomenon which depends on 
physicochemical parameters, extent and rate of acidification, changes in 
osmotic pressure, glycolytic and proteolytic enzymes (Ouali, 1991). After 
slaughter, there is a decrease in temperature and pH (Marsh et al., 1988) 
and an increase in osmotic pressure (Bonnet et al., 1992) and expressible 
juiciness (Offer and Knight, 1989). Consequently, there is a weakening of 
the myofibrillar structure and an improvement in tenderness of the cooked 
beef (Ho et al., 1996 and Wegner et al., 2000). Several studies showed that 
ageing improves the tenderness of most muscles (e.g. Campo et al., 2000). 
The post-mortem ageing of meat is a very important process having a 
signi? cant effect on its microstructure and quality traits, especially texture, 
tenderness and water-holding capacity (Zamora et al., 1996). 
 
Although camel meat is produced at comparatively low cost under 
extremely harsh environments, it is the least studied type of meat and is 
wrongly believed to be of lower nutritive value and quality than other 
types of red meat. In addition, there is lack of research in the improvement 
of camel meat characteristics (Skidmore, 2005). Investigation of muscle 
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? bre characteristics is of practical importance to meat scientists, breeders, 
and the meat industry to provide a better understanding of the involvement 
of muscle ? bers with regard to the determination of muscle growth and 
? nal meat quality traits (Wegner et al., 2000). Lipid peroxidation is one of 
the major causes of quality deterioration in raw and cooked meat products 
during refrigerated or frozen storage. Peroxidation occurs when lack of 
balance between production of reactive oxygen species (ROS) and the 
level of antioxidants takes place (Favier, 1997). It takes place in 
polyunsaturated fatty acids (PUFA), the most susceptible being fatty acids 
of the n-3 family (n-3 PUFA) initiated by (ROS), which are essential for 
life and growth in animal cells (Kamal–Eldin and Yanishlieva, 2002). 
Lipid peroxidation in meat, with production of malondialdehyde (MDA) 
and other oxidized products are toxic for consumers and harmful to human 
health (Sasaki et al., 2001 and Alderton et al., 2003). The presence of 
antioxidants prevents peroxidation from happening. Among antioxidants, 
vitamin E (as a  tocopherol acetate) was reported to control efficiently lipid 
oxidation and thus extends shelf life of meat (Arnold et al., 1993, 
Faustman and Wang, 2000 and Kerry et al., 2000). Thus, lipid stability is 
one of the important factors for maintaining meat quality during storage. 
The main objective of the present study is to investigate the effect of post-
mortem ageing on chemical composition and quality characteristics of 
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longissimus thoracis (LT) muscle of one humped she-camel (Camelus 
dromedaries).  
 
5-2 Materials and Methods: 
5-2-1 Collection of samples: 
A total of (3-4) y-old 7 she-camels fattened by local camel herders in 
Khartoum state, Sudan were slaughtered following the normal abattoir 
procedures. Samples of Longissimus thoracis (LT) muscle between the 5th 
to 10th rib were obtained from the right side of the carcasses after 60 
minutes post slaughter and transported to the meat science laboratory, 
Faculty of Animal Production, University of Khartoum in plastic bags in 
an insulated box filled with ice. Any visible fat was trimmed and each 
muscle was then divided into 4 parts, stored at 1-3 ° C for ageing for 1, 3, 
5, and 7 days. Samples were then vacuum packed and stored at –18° C 
awaiting the analysis.  
5-2-2 Meat quality evaluation: 
Quality characteristics of longissimus thoracis muscles included: pH, 
water holding capacity (WHC), weep loss (WL) and meat color co-
ordinates (l, a and b). Muscle pH was measured 60 min post slaughter and 
at 1, 3, 5 and 7 days postmortem using a portable pH meter (Hanna 
waterproof pH meter, Model H I 9025, Italy) with temperature adjusting 
probe inserted at the same depth each time in the muscle. Water holding 
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capacity (WHC) was expressed as percentage of the expelled water using 
filter paper method (Grau and Hamm, 1952) as the total wetted area less 
than meat area (cm2) relatively to the sample weight (g). Weep loss was 
calculated from the difference in muscle weight before and after ageing. 
Meat color co-ordinates l (lightness), a (red-green) and b (yellow-blue) 
were measured using a Minolta CR100 chromameter (Minolta Co., Ltd., 
Japan).  
 
5-2-3 Chemical analysis: 
The chemical composition of the LT muscle (dry mutter, protein, 
intramuscular fat and ash) was determined according to the standard 
methods of AOAC, (1990). Crude protein was determined using a Fossn 
Tecator Kjeltec 2300 Nitrogen/Protein Analyzer. Intramuscular fat was 
determined by Soxhlet extraction of the wet sample, using petroleum 
ether. Ash content was determined by ashing samples in a muffle furnace 
at 500° C for 24 h. The results were expressed on dry matter bases.  
5-2-4 Electrophoresis of myofibrillar proteins: 
Muscle fibre types were determined by quantifying the different myosin 
heavy chain (MyHC) isoforms using electrophoresis SDS-PAGE according 
to the method of Talmadge and Roy (1993). Bovine albumin was used as a 
reference to compare samples. Each hole of gel was loaded with 4-5 µg of 
myofibrillar protein and electrophoresis was performed at a constant 
voltage of 70 volts for 30 hours at 4° C. The relative proportions of slow 
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isoforms (% MyHC I) and fast isoforms (% MyHC IIa) were determined 
after staining of gels in a solution of Coomassie Blue R250 and quantifying 
using Image Quant TL v2003. 
5-2-5 Malondialdehde (MDA) determination: 
As a marker of lipid oxidation intensity, MDA was extracted from LT 
muscle homogenized powder (1 g) by the procedure of Botsoglou et al., 
(1994). Brie? y, 5 ml of 0.8% butyl hydroxytoluene in hexane and 8 ml of 
5% thiobarbituric acid in H2O were added to camel meat sample. After 
crushing and adding 2 ml of hexane, the mixture was centrifuged for 10 
min at 10,900 g to recover the aqueous phase. Then 0.7 ml of 5% 
trichloroacetic acid and 1.5 ml of 0.8% thiobarbituric acid were added to 
the previously ? ltered aqueous phase. The sample was heated in a water 
bath at 70 C° for 30 min, cooled in an ice bath and, after addition of 1 ml 
n-butanol, centrifuged for 10 min at 680g to recover the complex MDA-
TBA2 present in the upper phase.  
 
Meat MDA content was determined by HPLC as described by Agarwal 
and Chase, (2002). An aliquot (180 µl) of this solution was injected into 
an HPLC system (Perkin–Elmer Instruments, Shelton, Connecticut) 
equipped with an RP C18 column (ODB 5 lm, 4.6  250 mm, Interchim, 
Montluçon, France). The mobile phase (? ow rate: 0.6 ml/min) was 
composed of potassium phosphate (0.05 M, pH 6.8) in methanol. MDA  
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was detected by ? uorescence (excitation at 515 calibration curve). 
 
5-2-6 Determination of a  tocopherol acetate content: 
a  -tocopherol acetate was assayed by HPLC and UV absorption as 
described by Scislowski et al., (2005). Before the extraction step, a  -
tocotrienol acetate (22.5 µg/ml) was added as internal standard to muscle 
powder samples to determine extraction efficiency. Powder of camel LT 
muscle (1 g) was treated by heating at 80 C° in 11% KOH in ethanol for 
20 min and a - tocopherol was extracted twice with 5 ml hexane. After 
elimination of hexane by evaporation, a -tocopherol and a -tocotrienol 
acetate were dissolved in 160 µl of tetrahydrofurane and 240 µl of 
methanol/dichloromethane (65/35, vol/ vol). Finally, a -tocopherol and a  -
tocotrienol concentrations were determined by UV spectrophotometer 
(Kontron, model 430) at 292 nm using Kroma System 2000 software 
(Kontron Instruments, Zurich, Switzerland). 
 
 
5-3 Statistical analysis: 
Data were subjected to statistical analysis to test the effect of ageing time 
(days) on camel meat characteristics by ANOVA using general linear 
model procedure of SAS, (2001). Least squares means were calculated 
and significance was declared at (P<0.05). Principal Component Analysis 
(PCA) was used to interpret the relationship between different parameters 
as previously described (Hocquette et al., 1999).  
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5-4 Results and Discussion: 
5-4-1 Chemical composition: 
Table (5-1), shows the chemical composition of longissimus thoracis (LT) 
muscle during ageing. The overall mean of moisture, dry matter, crude 
protein, intramuscular fat and ash content were: 74.9, 25.1, 19.9, 4.8 and 
1.2 respectively, which were within the range reported by Dawood and 
Alkanhal, (1995), Al-Owaimer, (2000), Al-Ani, (2004), Kadim and 
Mahgoub, (2006) and Kadim et al., (2008a) for moisture (70-77) %, 
intramuscular fat (0.5-9.8) %, ash content (1-1.3) % but slightly lower 
than the range of crude protein (20-23) %. Significant differences were 
observed in chemical composition during ageing time in moisture, dry 
matter, crude protein and intramuscular fat, however no differences were 
found in ash content. Moisture content was found to decrease significantly 
during ageing which was associated with significant increase in dry 
matter. Crude protein was significantly lower in day 7 compared to days 1, 
3 and 5 which could be attributed to escape of proteins in the purge or 
weep during ageing. This was confirmed previously by Savage et al., 
(1990) who indicated significant amount of protein were lost from 
postmortem muscle; most of them were water-soluble, sarcoplasmic 
proteins. Intramuscular fat showed some inconsistent variations between 
time points which might be explained by sampling variations. 
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Table (5-1): Chemical composition of longissimus thoracis muscle 
(LT) from El-Kababish camels during ageing. 
 
 a,b,c  means with different superscripts within  a row are significantly different at 
(P<0.05). 
 
 
 
 
 
 
 
 
 
Parameter (%) 
Ageing time 
S.E 
Effect of 
cold storage 
(P- value) 1 3 5 7 
Moisture  76.0a 75.1b 74.6bc 73.7c 0.22   0.0004 
Dry matter  23.9c 25.0b 25.4ab 26.3a 0.22   0.0004 
Crude protein 20.6a 20.2ab 19.5ab 19.1b 0.21   0.0463 
Intramuscular fat 4.23ac 6.8a 2.86c 5.61ab 0.50            0.02 
Ash  1.12  1.15 1.16 1.18  0.02 0.37 
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5-4-2 Meat quality of camel meat: 
The effect of ageing of camel LT muscle on meat quality characteristics: 
muscle pH, color, MyHC isoforms, weep loss, water holding capacity, 
lipid peroxidation and vitamin E are presented in Table (5-2). The overall 
mean of muscle pH during ageing was 5.63 which were higher than the 
value reported by Soltanizaheh et al., (2008) which was 5.5, and lower 
than that Kadim, et al., (2009a) which was 5.79 in camel LT muscle. 
These differences could be attributed to the glycogen storage in the muscle 
at the time of slaughter. The pH declined rapidly to 5.72 in day one and 
then at slow rate until the ultimate point. This was in line with the fact that 
camels are animals with a high gluconeogenesis capacity due to the 
presence of humps and that the amount of enzymes in its glycolytic 
pathway causes slower glycogen degradation and pH decline (Immonen 
and Puolanne, 2000 and Soltanizaheh et al., 2008). No significant 
difference was found in pH values during ageing of muscles which agreed 
with the results of Kadim, et al., (2009b) who found no significant effect 
of ageing on ultimate pH.  
 
Muscle color development is influenced by many factors including: 
myoglobin concentration, ultimate pH, muscle fiber type and cooling rate 
(Faustman and Cassens, 1990). The overall mean values of color 
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Table (5-2): Quality characteristics during ageing longissimus thoracis (LT) muscle from El-Kababish  
 female camels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a,b,c  means with different superscripts within  a row are significantly different at (P<0.05). 
Parameters 
Ageing time (Days) 
S.E 
Effect of cold 
storage 
(P- value) 1 3 5 7 
Muscle pH 5.72 5.59 5.58 5.58 0.024 0.08 
Muscle color:       
l 27.50 27.59 28.13 29.26 0.59 0.73 
a 12.98 14.01 13.77 13.18 0.29 0.57 
b 14.08 15.34 14.76 15.55 0.30 0.33 
MyHC isoforms (%):       
Ia 67.32 63.40 63.57 62.08 1.70 0.75 
IIa 32.68 36.60 36.92 37.92 170 0.75 
Weep loss  1.58c 3.37b 4.24ab 5.51a 0.40 0.0001 
WHC 1.36 1.28 1.22 0.95 0.10 0.51 
MDA (µg/ g muscle) 0.08 0.08 0.14 0.24 0.03 0.14 
Vitamin E (µg/ g muscle) 16.39 24.45 12.80 18.35 2.01 0.39 
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coordinates (l, a and b) during ageing were 28.1, 13.5 and 14.9, 
respectively indicating that meat from female camel was moderately 
brighter and less red. These findings were in agreement with Kadim, et al., 
(2009b) who reported no significant effect in camel muscle color during 
ageing time.  
 
Loss of moisture in the form of both shrink and weep are influenced by 
chilling rate which will pre-dispose meat to weep loss. Ageing affected 
weep loss significantly (P<0.001), however, no differences were observed 
in day 5 and 7.This could be due to the fact that weep loss increased 
linearly with the decrease in the length of the sarcomeres in muscle cells 
which agreed with (Honikel et al., 1986). Water holding capacity (WHC) 
is an important meat quality characteristic due to its influence on the 
nutritional value, appearance and palatability of meat (Offer and Knight, 
1988a). Many factors were reported previously affecting WHC (Hamm, 
1986; Honikel, 2004; Offer and Knight, 1988a; Offer and Knight, 1988b 
and Puolanne and Halonenm, 2010). According to the present results, the 
overall mean of WHC was 1.2; however it decreased from 1.36 in day one 
to 0.95 in day 7 indicating an improvement in WHC with ageing, but the 
improvement was not significant. This agreed with Kadim, et al., (2009b) 
who reported that expressed juiciness of LT muscle was not affected by 
ageing time. 
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5-4-3 Myosin heavy chain isoforms: 
Ageing of meat is the process that causes an increase in tenderness over 
time and involves specific degradation of structural proteins (Hwang et al., 
2003). Electrophoresis of myosin heavy chain isoforms (SDS-PAGE) 
indicated the presence of two different muscle fiber types (slow MyHC I 
and fast MyHC IIa) in she-camel (LT) muscle, (Table 5-2) as previously 
described (Abdelhadi et al., 2012). The fast isoforms (MyHC IIx and 
MyHC IIb), described in bovine muscle (Picard and Cassar-Malek, 2009) 
were not revealed in all the studied samples. The mean percentages of type 
I and type IIa muscle fibre were 64.1 and 35.9 %, respectively. This 
generally was in line with the results of Kadim, et al., (2009a) and Rose et 
al., (1992) who observed a higher proportion of type I compared to type 
IIa in (LT) muscle of breeding and racing camels. Tenderness was found 
to be related to the high percentage of type I muscle fibre (with a high 
oxidative activity) which were able to use mainly fatty acids as energy-
yielding nutrients. This goes in agreement with Calkins et al., (1981), 
Dransfield et al., (2003) and Jurie et al., (2007) who reported that the 
oxidative capacity of a muscle was related to marbling and/or tenderness. 
No significant effect of ageing on the proportion of MyHC  
fiber types in she-camel (LT) muscle was found. 
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5-4-4 Lipid peroxidation and Vitamin E: 
Several factors can affect lipid oxidation in meat during ageing and 
packing including light, oxygen concentration, temperature, presence of 
anti- and pro-oxidants and abundance of unsaturated fatty acids (Jakobsen 
and Bertelsen, 2000). The overall mean of Malondialdehde (MDA) level 
in LT muscle was 0.14 µg/ g muscle. Low MDA values were revealed 
during ageing of LT muscle at day 1 and 3 (0.08 µg/ g), respectively, 
however, these values increased to 0.14 and 0.24 µg/ g at day 5 and 7. 
Lack of differences in MDA levels among ageing days agreed with the 
findings of Durand et al., (2006) for Charolais cull cows aged for 5 days 
and Durand et al., (2007) who reported that MDA level was not modified 
by ageing time during a period of 1 to 12 days whatever the ageing 
method used (entire carcass vs. under vacuum).  
 
Vitamin E. (a  tocopherol) is an important lipid-soluble antioxidant that 
protects cell membranes from oxidation by reacting with lipid radicals 
produced in the lipid peroxidation chain reaction. This would remove 
the free intermediate radicals and prevent the oxidation reaction from 
continuing. The antioxidant function is considered to be the most 
important function of this vitamin (Bell, 1987, Herrera, 2001 and Traber 
and Atkinson, 2007). No significant effect of ageing on vitamin E was 
found. MDA values were low in day 1 and 3 (0.08 µg/ g) and increased in 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
113 
 
day 5 and 7 (0.14 and 0.24 µg/ g) of ageing which could be related to 
vitamin E levels in day 1 and 3 (16.4 and 24.5 µg/ g) as well as in the later 
(12.8 and 18.4 µg/ g). These findings were in line with Fausman and 
Wang, (2000) and Kerry et al., (2000) since vitamin E is known to control 
lipid oxidation in meat from many animal species (Table 5-2). The overall 
mean of vitamin E in the present study was three fold higher (17.8 µg/ g) 
than that reported in bovine rumstaeck (5 µg/ g) by Durand et al., (2007) 
in LT muscle of cows fed with plant extracts combined with vitamin E. 
Thus, camel meat could be a good source of vitamin E to fulfill the 
recommended daily requirements (15 mg/ day) of that vitamin by the 
Food and Nutrition Board, (2000). To our knowledge no previous reports 
were found describing the effect of ageing of camel LT muscle on lipid 
peroxidation and vitamin E content in camel meat. 
 
5-4-5 Principal component analysis (PCA): 
Principal component analysis (PCA) was used to study the relationship 
between different variables: chemical composition, muscle pH, meat 
color, weep loss, water holding capacity, muscle fibers as well as lipid 
peroxidation and vitamin E (total: 15 variables). The PCA explained about 
36.1 % of the total variance which could be condensed in two new 
principal components: PC1 and PC2 which explained 21.4 and 14.7 % of 
the variance, respectively (Fig. 5-2a). 
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As shown in Fig. 5-1b, PC1 discriminates the ageing groups of muscles 
according to time (days). PC2 discriminates muscle samples aged for 1 
and 7 days from those aged for 1 and 3 days. However, PC2 discriminates 
samples mainly on their fiber type proportions. High correlation 
coefficient was found between intramuscular fat and ash (r= 0.90, 
P<0.05), moisture and fat (r=0.67, P<0.05) and moisture with ash (r=0.58, 
P<0.05). However, negative correlation coefficient was found between 
weep loss on one hand and muscle protein, intramuscular fat and ash 
contents, respectively (-0.48, -0.73 and -0.74). Lipid peroxidation was 
negatively correlated with muscle fibers type I (r= -0.40) which could be 
attributed to the oxidative activity of type I muscle fibers (use fatty acids 
to obtain energy) (Jurie et al., 2002). Also dry matter showed negative 
correlation with intramuscular fat and ash (-0.67 and -0.58), as well as 
muscle pH and muscle fibers type IIa (r= -0.42). The proportions of types 
I and IIa muscle fibers as well as moisture and dry matter content were 
logically negatively correlated (r= -1.0, P<0.05). It could be concluded 
that ageing had decreased moisture, WHC and increased weep loss, dry 
matter, lipid peroxidation with no effect on fiber type and vitamin E. 
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Fig. (5-1): Plot for the variables (Fig. 5-1a) and for the animals (Fig. 5-1b) in the multivariate space 
following a principal component analysis (PCA). In Fig. 2a: WHC= Water holding capacity, I = MyHC I, 
IIa = MyHC II. In Fig.2b: A, B, C, D, E, F and G= Distribution of animals according to ageing group. 1, 2, 
3…7=Days of ageing.  
Fig. 5-1b Fig. 5-1a 
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In summary, chemical composition and weep loss in LT muscle of she- 
camels were significantly affected by ageing. Inspite of the insignificant 
differences, lipid peroxidation tended to increase in days 5 to 7 which 
could indicate high risk of ageing meat of this type that contains high 
levels of intramuscular fat longer than 7 days. High levels of vitamin E in 
camel meat compared to bovine would help to increase the shelf life of 
camel meat and meat products. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
117 
 
CHAPTER SIX 
                                                   Experiment IV 
 
Effect of sex on the nutritive value of El-Kababish camel  
(Camelus dromedarius) meat 
 
6-1 Introduction: 
According to FAO statistics (2010), world camel population is 25 million 
concentrated mainly in Somalia (6 million heads) and Sudan (4.6 millions 
heads). Annual camel meat production is 49,880 tons. The role of camel as 
a food source is being accepted globally and camel scientists as Faye and 
Esenov, (2005) noted that the camel has an unfathomed potential for 
satisfying the future dietary and medical needs of humans. Recently, local 
consumption of camel meat had increased in some Middle East and 
Arabian countries especially from young camels due to tenderness. The 
demand for camel meat appears to increase for health reasons, as they 
produce meat with relatively less fat than other animals (Kadim et al., 
2008c). In some areas camel meat is also used as a cure for diseases such 
as hyperacidity, hypertension, pneumonia and respiratory diseases as well 
as an aphrodisiac (Kurtu, 2004). The mature, fattened one-hump camel 
dresses out at 55.8% of live body weight (456 kg) and 63.6% of empty 
body weight, yielding 56% meat, 19% bone and 13.7% fat (Yousif and 
Babiker, 1989). The nutritive value of camel meat could be similar or 
sometimes superior to meat from other animals. Camel meat had been 
compared with meat from other farm animals (beef, lamb, goat and 
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chicken) and was found to have more moisture, less fat, less ash and 
similar protein content. The ratio of essential amino acids to non-essential 
amino acids was 0.85, very similar to 0.86 reported for cattle, 0.83 for 
lamb and 0.90 for goat (Elgasim and Alkanhal, 1992 and Dawood and 
Alkanhal, 1995). Its content of insoluble and total hydroxyproline was 
28.7 and 303.8 µg/ g muscle as reported for the Arabian camels (Siddiqi et 
al., 2000). Fatty acids pro? le of camels were comparable to other camelids 
like llama (Rawdah et al., 1994 and Polidori et al., 2007). Concurrently, 
these facts are encouraging for further studies of the factors affecting the 
food value of the desert camel meat. The aim of the present study is to 
determine the effect of sex on the nutritive value of El-Kabaish camel 
longissimus lumborum (LL) muscle. 
 
6-2 Materials and Methods: 
6-2-1 Animal and samples: 
A total of fourteen, one humped camel calves (7 males and 7 female), 2-3 
years old were randomly selected for the purpose of the study. Animals 
were fattened by the herders on a concentrated diets and Groundnut hay 
(Arachis hypogea), slaughtered in a commercial slaughter house in 
Omdurman province, as described previously by Yousif and Babiker 
(1989). Average live weights were (243.5± 44.2) for males and (282.2± 
64.8) kg for females determined using the prediction equation [y= (5.071* 
HG) - 457], reported by Wilson, (1984). Samples of Longissimus 
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lumborum  muscle were taken from the right carcass side between the 1st 
and 5th lumbar vertebrate 60 minutes post slaughter and transported to the 
lab in an insulated box filled with ice. The visible connective tissues and 
fat were removed and the muscle samples were placed in plastic bags and 
kept for 24 h at 2-3° C. Muscle pH was measured using portable pH meter 
(Hanna waterproof pH meter, Model H I 9025, Italy) with temperature 
adjusting probe. Muscle samples were then vacuum packed and stored at -
18 ° C until analysis. Muscle color co-ordinates (L, a and b) and muscle 
pH were determined using a Minolta CR100 chromameter (Minolta Co., 
Ltd., Japan) and portable pH meter (Hanna waterproof pH meter, Model H 
I 9025, Italy) with temperature adjusting probe inserted at the same depth 
each time into a fresh section of the muscle. Samples were then vacuumed 
and stored at -18° C before transportation to France in insulated box filled 
with dry ice. Chemical composition was determined at CIRAD, 
Montpellier, France after grinding of muscle samples to a homogeneous 
mass then dried over night at 80° C according to the standard methods of 
AOAC, (1990). The following chemical analyses were achieved at INRA-
Theix, France.  
 
6-2-2 Chemical composition of camel meat: 
Chemical composition of the muscle tissue was determined according to 
standard methods of AOAC (1990). Protein was determined using a Foss 
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Tecator Kjeltec 2300 Nitrogen/Protein Analyzer. Fat was determined by 
Soxhlet extraction of the dry sample, using petroleum ether. Ash content 
was determined by ashing samples in a muffle furnace at 5000° C for 24 
hours. 
 
6-2-3 Collagen study: 
A muscle sample weighing about 100-200 g was cleaned of epimysium, 
chopped into cubes (2-3 cm), vacuum packed and stored at -18° C until 
analysis. About 100 g of the frozen samples were homogenized using a 
household cutter; freeze dried for 48 h then ground using coffee grinder to 
produce fine powder which was stored at 4° C in plastic bottles sealed 
with parafilm. The stored samples were solubilized according to the 
procedure adapted from Hill, (1966) and Listrat et al., (2001). A freeze 
dried sample (100 mg) was rehydrated for 1 h in 15 ml buffer (0.23 M 
NaCl, 25 mM Tris-HCL, pH 7.4). The sample was then heated in a water 
bath at 75° C for 1h, centrifuged for 15 minutes at 4000 g at room 
temperature. The supernatant (soluble collagen) was then discarded and 
the pellet (insoluble collagen) was dried in an oven for 1 h at 45° C. 
Hydroxylproline was determined both for total collagen from 50 mg 
freeze dried muscle samples and for insoluble collagen from the dried 
pellet following acid hydrolysis (6N Hcl) at 105 °C overnight according to 
the procedure of Woessner (1961). Optical density was read at 557 nm. A 
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standard curve was plotted to determine OH-proline concentrations. The 
data (means of triplicates) were expressed in µg of hydroxyproline (OH-
proline) per mg of dry matter for both total and insoluble collagen. 
 
6-2-4 Amino acids analysis: 
For amino acid determination, four different conditions of protein 
hydrolysis have been applied.  Three acid hydrolysis (HCL 6N, 110 °C) : 
24 h, 24 h after performing oxidation for the sulphur amino acids, and 48h 
for branched chained amino acids. One basic hydrolysis (Ba(OH)2, 4N, 
110°C, 16 h) for tryptophan determination was carried out. Samples were 
accurately weighed, and an internal standard (norleucine), stable during 
hydrolysis, was added to allow for adjustment due to dilution steps and 
amino acid analysis. Immediately after hydrolysis HCl (or Ba(OH)2) 
samples were removed under vacuum and the amino acids were dissolved 
in a loading buffer. The amino acids were separated by ion-exchange 
chromatography (ICP) and the following reactions detected with ninhydrin 
(Bio-Tek Instruments A.R.L., St Quentin Yvelines, France). Cysteine and 
methionine were detected as cysteic acid and methionine sulphone, 
respectively.  
 
6-2-5 Lipid and fatty acid analysis: 
A total of 100 g LT muscle samples were cut into small pieces, ground in 
liquid nitrogen in a M20 mill (IKA Werke, Staufen, Germany) to produce 
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a homogenous and ? ne powder and then stored at -20 °C until lipid 
analysis. Total lipids in LT muscle were extracted by mixing 5 g of meat 
powder with chloroform/methanol (2:1, v/v) according to the method of 
Folch et al (1957) and determined gravimetrically. Fatty acids (FA) were 
extracted from muscle total lipids and transmethylated at room 
temperature ? rst with sodium methylate (1 M) and second with boron 
tri? uoride in methanol (14%, v/v). The qualitative and quantitative FA 
analysis was achieved by gas–liquid chromatography (GLC) using the 
Perichrom 2000 chromatograph (Perichrom, Saulx-les-Chartreux, France) 
? tted with the CP-Sil 88 glass capillary column (length: 100 m, i.d.: 0.25 
mm) with H2 as the carrier gas.  
6-3 Statistical analysis: 
Data was analyzed using student-t test to determine significances of 
difference in the studied parameters between males and females.  Means 
were separated by Least Significant Differences (LSD) where appropriate 
and differences were considered significant at P =  0.05. 
 
6-4 Results and Discussion: 
6-4-1 Live and Carcass weights: 
Camel sex had no significant effect on live weight, carcass weight and 
dressing percentages. According to Wilson and Bourzat, (1988), the range 
of live weights of Sudanese camels from Darfur was (305.5 - 581) kg for 
males and (307 - 522) kg for females, carcass weights (144 - 310) kg for  
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males and (141 - 248) kg for females; however the dressing percentage 
range was (46.2 - 55.6) % for males and (41.3 - 53.5) % for females. 
These values were higher than the present findings and could be attributed 
to differences in age of animals (Table 6-1).  
 
6-4-2 Chemical composition of camel meat: 
Ultimate pHu, proximate composition and hydroxyproline content of 
longissimus lumborum (LL) muscle are presented in Table (6-2). Muscle 
pHu in camel male and female muscles were higher than that reported by 
Babiker and yousif, (1990) who gave pHu of 5.80 for longissimus dorsi 
muscle of camels from the same region. Kadim et al., (2006) also 
reported pHu (5.9) for camel longissimus dorsi muscle. High muscle pHu 
in the present results suggested low stored muscle glycogen as these 
camel calves were lighter in their live weights than those reported by the 
former authors. Dry matter, crude protein and intramuscular fat were 
significantly higher in females than male camels (P<0.01), while no 
differences were observed in ash. The high dry matter content of L. 
lumborum muscle from female camels could be due to the expected 
increase of moisture in the tissues of males and fat content in females. 
The values of intramuscular fat and ash content were lower than those 
reported by Abdelhadi et al., (2012) for camel calves from the same  
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Table (6-1): Slaughter and carcass weights (Kg) of El-Kababish male and 
female camels. 
 
 
In this and subsequent tables: data expressed in mean ± SE. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameter Male Female P value 
Slaughter wt (kg). 243.5 ± 16.7 281.2 ± 24.5 0.22 
Carcass wt (kg). 95.1 ± 6.2 110.3 ± 11.3 0.26 
Dressing % 39.1 ± 0.89 39.2 ± 1.23 0.94 
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Table (6-2): Ultimate pH, proximate composition and collagen content of 
Longissimus lumborum muscle of the desert camel.  
 
Parameter Male Female P value 
Ultimate pHu 6.10 ± 0.10 6.15 ± 0.11 0.80 
 
Dry matter (%) 
 
22.9 ± 0.27 
 
24.2 ± 0.11 
 
0.0005 
Protein (mg/100g) * 19.3 ± 0.14 20.1 ± 0.62 0.0004 
Intramuscular fat (mg/100g) ** 2.31 ± 0.04 2.35 ± 0.08 0.96 
Ash % 0.89 ± 0.04 0.94 ± 0.03 0.34 
    
Meat colour:    
Lightness (l) 24.5 ± 0.53 24.5 ± 0.45 0.47 
Redness  (a) 15.1 ± 1.05 15.8 ± 0.63 0.30 
Yellowness (b) 5.6 ± 0.45 5.9 ± 0.37 0.30 
    
Insoluble OH proline (µg/mg 
DM) 2.55 ± 0.14 2.46 ± 0.17 0.68 
Total OH proline (µg / mg DM) 3.47 ± 0.18 3.31 ± 0.18 0.54 
OH proline solubility (%) 26.3 ± 2.24 25.9 ± 1.88 0.89 
 
* Determined by elemental analysis (Vario Isotope Cube, Elementar, Lyon, France). 
** determined gravimetrically according to the method of Folch et al., (1957)  
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region. Hydroxyproline (OH proline) content of the insoluble muscle 
fraction and that of the fresh muscle indicated no differences between 
males and females, Table (6-2). Babiker and yousif, (1990) reported 
values of 2.37 % for soluble hydroxyproline in camels LL muscle which 
were lower than our values for LL muscle from male and female camels. 
Siddiqi et al., (2000) reported values of soluble and insoluble OH proline 
(4.15 and 6.46) calculated in µg/ g DM in camel meat which were higher 
than the present results. These differences could be attributed to the 
differences in muscle types and age of camels studied. In bovine, 
Dransfield et al., (2003) reported high values of insoluble and total 
collagen for three quality classes 3.31, 3.26 and 3.03 mg/ hydroxyl prolin 
compared to our results. Several studies indicated the effect of collagen 
content and solubility on tenderness and other meat sensory 
characteristics in bovine (Lepetit, 2007). Furthermore, strong correlations 
between insoluble collagen content and raw meat Warner– Bratzler peak 
shear force values had been found (Riley et al., 2005 and Stolowski et al., 
2006). On the other hand, muscle colour of male and female camels 
showed no differences.  The l and b values were lower while the a values 
were higher than the results obtained by Abdelhadi et al., (2012) from 
camels in the same region who reported values of l, a and b as 34.0, 13.2 
and 11.2, respectively. These differences could be due to differences in 
feeding conditions and age. 
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6-4-3 Amino acid profile:  
Amino acid profile of El-Kababish camel LL muscle is presented in Table 
(6-3). There were no significant differences between males and females in 
essential and non essential amino acid content. Arginine was significantly 
(P<0.05) higher in females. Leucine, lysine and argnine were the most 
abundant essential amino acids and glutamic acid, aspartic acid, alanine 
and proline were the highest non essential amino acids. Kadim et al., 
(2011) indicated that lysine was the major essential amino acid in male 
camel LT muscle. The concentration of amino acids in the present results 
was higher than that reported by Kadim et al., (2008b) for male camel. 
These differences could be attributed to breed differences and/ or 
nutritional factors (FAO/WHO/UNU, 2007). This confirms that camel 
meat is a healthy meat with low fat content and superior amounts of amino 
acids than other livestock species.  
 
6-4-4 Fatty acids profile: 
Total lipids and fatty acids of longissimus lumborum (LL) muscle from 
EL-Kababish camels are presented in Table (6-4). No significant 
differences due to sex were observed in total lipids, total fatty acids and 
the ratio of fatty acids/ lipids (P>0.05). Total lipids values of males and 
females were comparable to the value of 23.2 mg/g in LD of Barrosa veal 
reported by Alfaia, et al., (2007). The major saturated fatty acids (SFA) in 
both sexes were palmitic (16:0), stearic (18:0), myristic (14:0) and  
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IDAA= indispensable amino acids, NDAA= non dispensable amino acids. 
*= Aspartic acid is the sum of aspartic acid and asparagines, Glutamic acid is 
the sum of Glutamic     acid and glutamine 
 
 
 
 
Table (6-3): Amino acid profile of the desert camel Longissimus lumborum 
   muscle. 
Amino acids 
(mg/ 100g fresh muscle) Male Female P value 
 
Indispensable    
Histidine   862 ± 51.9 897 ± 60.1 0.66 
Isoleucine 1174 ± 31.4 1230 ± 33.8 0.25 
Leucine 1937 ± 69.2 2010 ± 68.4 0.46 
Lysine 1868 ± 44.9 1909 ± 46.8 0.28 
Methionine   741 ± 31.0 825 ± 17.2 0.17 
Phenylalanine  665 ± 45.8 646 ± 16.6 0.71 
Threnonine 1164 ± 56.0  1214 ± 46.3 0.50 
Tryptophan 354 ± 26.6 342 ± 23.8 0.73 
Valine 1130 ± 40.0 1199 ± 43.1 0.26 
Non indispensable     
Alanine 1330 ± 28.5 1347 ± 55.9 0.80 
Arginine  1430 ± 43.4 1604 ±56.0 0.03 
Aspartic acid* 2298 ± 45.2 2246 ± 47.4 0.44 
Cysteine 494 ± 42.6 546 ± 38.8 0.16 
Gultamic acid* 4268 ± 93.0 4251 ± 75.2 0.89 
Glycine 956 ± 31.5 960 ± 42.5 0.95 
Proline 1164 ± 33.2 1074 ± 45.5 0.18 
Serine 887 ± 40.7 923 ± 28.1 0.48 
Tyrosine 929 ± 95.8 933 ± 82.0 0.97 
IDAA/ NDAA  0.92 0.97  
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Table (6-4): Total lipids, centesimal composition of fatty acids (% total FA) and 
total fatty acids mg/100g fresh muscle) of Longissimus lumborum 
muscle from desert camels (Camelus dromedarius). 
Fatty acids % Male Female P value 
Total lipids (mg/ 100g  muscle) 2316.7 ± 535.6 2353.3 ± 390.5 0.96 
Total fatty acids (mg/ 100g muscle) 1541.7 ± 444.4 1634.7 ± 296.9 0.86 
Fatty acids/ lipids 61.4 ± 4.29 68.7 ± 2.46 0.17 
    
Linear SFA: 
14:0 4.83 ± 0.55 5.20 ± 0.24 0.20 
15:0 0.58 ± 0.15 0.65 ± 0.06 0.27 
16:0 22.4 ± 1.10 23.0 ± 0.43 0.25 
17:0 0.76 ± 0.05 0.89 ± 0.05 0.11 
18:0 16.9 ± 1.20 17.1 ± 0.71 0.69 
Monounsaturated FA 
16:1 delta 9 cis 3.43 ± 0.60 3.51 ± 0.24 0.78 
17:1 delta 9 cis 1.16 ± 0.20 1.06 ± 0.09 0.43 
18:1 delta 9 cis 25.9 ± 1.96 24.9 ± 0.85 0.34 
18:1 delta 11 cis 2.57 ± 0.16 2.49 ± 0.10 0.46 
18:1 delta 10-11 trans 1.07 ± 0.17 1.33 ± 0.18 0.05 
18:1 delta 12 trans 0.19 ± 0.04 0.17 ± 0.44 0.46 
Polyunsaturated FA    
18:2 n-6 cis cis (LA) 6.61 ± 1.70 6.16 ± 0.87 0.73 
18:3 n-3 (a  LA) 0.68 ± 0.10 0.87 ± 0.07  0.16 
20:3 n-6  0.47 ± 1.70 0.43 ± 0.06 0.65 
20:4 n-6 (ARA) 2.59 ± 0.76 2.36 ± 0.40 0.65 
20:4 n-3 (ETA) 0.08 ± 0.13 0.05 ± 0.01 0.40 
20:5 n-3 (EPA) 0.70 ± 0.07 0.72 ± 0.16 0.86 
22:5 n-3 (DHA) 1.09 ± 0.17 1.09 ± 0.17 0.98 
22:6 n-3 (DPA) 0.14 ± 0.29 0.14 ± 0.04 0.87 
trans11 cis 9 18:2 (CLA) 0.45 ± 0.06 0.52 ± 0.06 0.11 
trans10 cis 12 18:2 (CLA)   0.01  ± 0.06    0.05 ± 0.02 0.03 
Total SFA 48.2 ± 1.89 51.4 ± 0.99 0.17 
Total MUFA 36.9 ± 1.85 35.1 ± 0.90 0.41 
Total of CLA 0.53 ± 0.78 0.72 ± 0.67 0.09 
Total PUFA 13.6 ± 3.09 12.3 ± 1.56 0.72 
Total PUFA n-6 10.2 ± 2.61 8.57 ± 1.28 0.58 
Total PUFA n-3 2.89 ± 0.57 3.05 ± 0.38 0.82 
n-6/ n-3 3.36 ± 0.44 2.83 ± 0.32 0.34 
18:2n-6/ C18-3n-3 11.5 ± 3.88 7.11 ± 1.65 0.31 
16:0/ 18:0 1.37 ± 0.14 1.38 ± 0.05 0.95 
PUFA/ SFA 0.30 ± 0.8 0.24 ± 0.04 0.55 
SFA= Saturated fatty acids; MUFA= Monounsaturated fatty acids, PUFA= Polyunsaturated 
fatty acids, SFA (sum of saturated fatty acids)= C10:0 + C11:0 + C12:0 + C13:0 + C14:0 + 
C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C21:0 + C22:0 + C23:0 +C24:0; PUFA= Sum 
of n-3 and n-6 PUFA, Sum of n-3 FA= C20:3n -3 + C22:6n-3 + C22:5n-3 + C20:5n-3 + 
C18:4n-3 + C18:3n-3, Sum of n-6 FA= C22:2n -6 + C20:2n-6 + C18:3n-6 + C22:4n-6 + 
C20:3n-6 + C18:2n -6 + C20:4n-6, n-6/ n-3 = ratio of the sums of n-6 and n-3 PUFA, CLA 
cis-9, trans-11 includes the values of CLA trans-7, cis9 and CLA trans-8, cis-10. 
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mergaric (17:0), respectively. A similar trend had been reported by Kadim 
et al., (2011) in LT muscle of male camels. Percentages of palmitic and 
stearic acids in the latter study were high compared to our results, except 
for myristic acid which was higher in our study (4.8 vs. 3.1 %). It had 
been reported that saturated fat had a cholesterol-raising effect, especially 
fatty acids with range of 12–16 carbon atoms (Yu et al., 1995). Thus, 
mergaric (17:0) and stearic acid (18:0) which had little or no influence on 
the plasma cholesterol concentration were quite abundant in the present 
findings. Palmitic acid in this study contributed to the rise in the total SFA 
and was lower in both sexes (48 and 51 %) compared to Kadim et al., 
(2011) who reported 53 % for camel meat. Compared to LT muscle in 
lambs, palmetic and srearic concentrations were within the range reported 
by Diaz et al., (2005) who stated (22.6-24.7) % for palmitic and (12.6-
19.8) % for stearic, however myristic acid concentration in the present 
work had high range than that reported in the latter study (2.4 and 3.8 %). 
The percentages of these acids could vary greatly depending on species, 
breed, and rearing (especially feed). Total SFA concentration in camel 
meat was within the range of FAME (fatty acid methylester) of 43 - 52% 
for beef, 46–54% for lamb and higher than that in poultry (29-35) % (Aro 
et al., 1998). No sex differences were found in SFA of camel meat 
although females showed high percentage versus males possibly due to 
increased total lipids in females.  
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Similarly, monounsaturated fatty acids (MUFA) showed no sex 
differences (P>0.05), except for 18:1 delta 10-11 trans (P<0.05) which 
was high in female muscles compared to males. The major MUFA were 
oleic (18:1 delta 9 cis), Palmitoleic (16:1 delta 9 cis) and vaccenic (18:1 
delta 11 cis), respectively. Recently, Kadim et al., (2011) reported high 
values of oleic acid (33.5%) and total MUFA (41.4%) on one hand, low 
linoleic acid (3.2%) and total PUFA (5.6%) on the other hand in camel LT 
muscle compared to our results (Table 3). These differences could be 
explained by differences in muscle types investigated, breed and age. It is 
important to note that increased consumption of monounsaturated fatty 
acids (e.g. oleic acid, 18:1n-9) and particularly polyunsaturated fatty acids 
(e.g. linoleic acid, 18:2 n-6) was reported to lower plasma cholesterol 
level (Glatz and Katan, 1993). This goes in accord with our findings due 
to the high contribution of these fatty acids to total MUFA and PUFA. Monounsaturated fatty acids ͶͲ–50% of 
the fat irrelevant whether this is fresh meat or a meat product (Schmid, 
2011); however the present results of MUFA were lower than the 
indicated range.  
 
Regarding PUFA, Linoleic acid (LA, 18:2n-6 cis cis), Arachidonic (ARA, 
20:4 n-6), Docosaheptaenoic (DHA, 22:5 n-3) and Eicosapentaenoic 
(EPA, 20:5 n-3) were the major polyunsaturated fatty acids (PUFA), 
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respectively. Arachidonic acid is an important dietary component 
necessary for the repair and growth of skeletal muscle tissue (Trappe et 
al., 2001). PUFA percentage was higher in the present results compared to 
Kadim et al., (2011) in camel LT muscle (5.2%) and lower than Rawdah 
et al (1994) in camel meat (18.6%). Also DPA, EPA and DHA levels in 
our results were higher than Rawdah et al (1994), Nuernberg et al., 
(2005b) and Gerber et al., (2009) in cattle. According to the European 
Food Safety Authority as cited by Peraza-Mercado, (2010) the 
recommended daily ingestion of ARA is 0.01g and 0.25g of DHA. 
Concurrently, the high amount of ARA in camel meat could be a health 
issue for individuals with inflammatory diseases like arthritis. Similarly, 
EPA and DHA fatty acids help in the drop of a number of pro-
inflammatory chemicals in the blood levels. In addition, EPA is believed 
to play a role in the prevention of cardiovascular disease, while DHA is a 
major fatty acid not only in brain but in sperm and particularly in the 
retina and it also reduces the risk of heart disease in addition to inhibition 
of the carcinoma cells in human colon by decreasing cell growth 
(Schonberg et al., 2006). Total PUFA for male and female camels fall 
within the range indicated by Schmid, (2011) of 10–20% for beef and 
lambs. 
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Conjugated linoleic acid (CLA) has health-promoting properties like 
inhibition of carcinogenesis, reduction of fat deposition and stimulation of 
the immune system (Banni et al., 2002). A non significant increase was 
found in CLA trans11, cis 9 18:2, x1.33% (P=0.11) in muscles from 
females compared to males and a significant increase in trans10, cis 12 
18:2, x 5.7, (P=0.03). It is known that diets high in linolenic acid, such as 
fresh grass, grass silage, linseed, and fish oil, results in increased 
deposition of CLA, cis-9, trans-11 in muscle (Nuernberg et al., 2005a).  
 
The n-6/ n-3 ratio is an index commonly used to evaluate the nutritional 
value of fats. Low levels or an imbalanced ratio plays a key role in a 
number of human diseases. It is also a risk factor in cancer and coronary 
heart disease, especially the formation of blood clots leading to heart 
attack (Harris and Schacky, 2004). Furthermore, the n-6/ n-3 ratio in 
camel meat is lower (around 3) than that of concentrate-fed bovines (more 
than 7); Scollan et al., (2006), and lower than the recommended values of 
human health diets that should not exceed 4.0 (British Department of 
Health, 1994). The 16:0/ 18:0 ratio was (1.37) lower compared to (1.47) 
reported by Kadim et al., (2011) for camel LT muscle and (1.84) reported 
by Wood et al., (2003) for beef loin. The PUFA/SFA ratio was lower than 
that indicated by Cuvelier et al., (2006) in bovine LT muscle (0.8), and 
close to the recommended value for human nutrition 0.45 (British 
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Department of Health, 1994). In conclusion, camel meat with its 
favourable low n-6/ n-3 and PUFA/ SFA, together with the high 
percentages of 18:1 delta 10-11 trans, 18:2 trans11, cis 9, 18:2 trans10, 
cis 12 in female muscles, could be a reliable source of healthy meat with 
high nutritive value compared to other farm animals. 
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CHAPTER SEVEN 
GENERAL DISCUSSION 
 
The camel (Camelus dromedarius) plays a key role in the lifestyle of the 
people of many countries, especially those in dry zones. Camel contributes 
to the economy and food security of remote inhabitance by providing 
milk, meat and animals for sale (Benkerroum et al., 2004). The camel is an 
important animal of the arid and semi-arid areas of Sudan. Although it is a 
source of food, transportation, cash and social status for the inhabitants of 
these areas it has not received proper attention from researchers and policy 
planners.  
 
Nomadic husbandry practices: improved camel husbandry can play an 
important role in the development of camel herds and development of the 
nomads who largely depend on their living through raising camels. In 
addition to the high ability of camels to cope with harsh environments, 
camel herders developed their own strategies and practices to deal with 
different environmental changes and crises to achieve their goals (Yaqoob 
and Nawaz, 2007). Large number of breeding females which represented 
60-80 % of the herd could be one of the efficient practices adopted by 
camel herders in north Kordofan to recover herd losses during crises and 
to provide a continuous source of milk. Breeding males were 30 to 41 % 
of the herd.  Breeding mostly took place during the rainy season (Jul. - 
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Oct.) as indicated by 69.7% of the herders. This practice permits births to 
take place during the availability of water and fodder in the second rainy 
season to ensure enough milk production for the newly born calves. 
Another strategy to combat the drought and shortage of feeds during the 
dry season is seasonal migration which was found to be adopted by 98.4 
% the herders. This journey might extend to 6 months a year depending on 
the availability of pasture and water for the herds. This is in agreement 
with Wardeh, (1989) for camel herders in Eastern Sudan. The mobility of 
these herds is becoming more erratic due to continuous cutting of trees 
and expansion of traditional and mechanized rain fed agriculture on the 
natural pasture lands (Bakheit and Majid, 2006). Natural feed resources of 
herds are fluctuating and may be lower than the herd requirements which 
will affect both production and reproduction performance (mainly low 
fertility, poor milk yield and meat quality). Long water intervals (21 days 
in winter and 7 days in summer) as well as the time spent in the pasture 
(12.3 hours in winter and 10.5 hours in summer) would enable the herders 
to cover large distances to feed their herds.  
 
The herders adopted their own identification system using hot branding or 
marking of their herds based on tribal or owner symbols. This helps them 
to control their herds and prevent losses (Kohler, 2004). The main 
problems facing camel production were illiteracy, diseases and lack of 
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veterinary services. In general, illiteracy is dominant among camel herders 
in Sudan; however the percentage of 48.9% in north Kordofan (El-
Kababish herders) was lower than that in Darfur and Butana regions 70 
and 67.7 %, respectively (Musa et al., 2006 and Drosa, 2005). This could 
be attributed to the earlier efforts to educate the nomads in Dar El-
Kababish. Diseases like trypanosomosis, mange, haemonchosis and 
abscess were the most frequent diseases among the herds. These diseases 
were treated by traditional medicines and veterinary drugs which could be 
found at a high cost. The herders face increasing expenses as taxes, food 
cost, etc… that were covered from revenues of selling their animals 
(mainly males and old females). It was observed that there was no 
replacement policy for adding new animals to their herds from these 
revenues. In the view of the low fertility and in adequate feeds especially 
in the dry season, slow herd growth and compensation rates could be 
expected. Recent technologies in husbandry, breeding, nutrition, disease 
diagnosis and management had not been adopted by camel herders 
because of ignorance of camel owners and lack of extension services. 
 
Effect of season on meat quality: The demand for camel meat appears to 
be increasing due to health reasons, as they produce carcasses with low fat 
content as well as having low cholesterol and relatively high 
polyunsaturated fatty acids than other meat animals (Rawdah et al., 1994 
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and Dawood and Al-Alkanhal, 1995). In addition to the fact that the 
quality of meat from young camels is comparable to beef (Finke, 2005).  
 
The biochemical characteristics and structure of muscle at slaughter play 
an important role in the post mortem changes and organoleptic qualities of 
the meat. Many studies indicated that different factors affected meat 
quality as growth and breed type (Renand, 1990), age and sex (Monin, 
1990) as well as feeding level and diet composition (Geay, 1990 and Geay 
et al., 1997). Animal ecologists agreed that the animal–season–
environment interaction affect the quantity and quality of animal products. 
The environment determines the forages on offer, the season determines 
their quantity and quality and the animal integrates these factors (Goldson, 
1962). The present findings indicated that chemical composition, meat 
color, muscle fiber characteristics as well as enzyme activities of El-
Kababish camel longissimus thoracis (LT) muscle were highly regulated 
by seasonal factors. This agreed with previously reported results by Klont 
et al., (1998) who noted that muscle metabolic and contractile types were 
adaptable and might be modified in living animals by environmental 
conditions and genetic selection. It is worth to state that camel meat 
quality is not only a function of breed, sex, age or feeds but also a result of 
the interaction between animal and season which need more consideration.  
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Ageing of camel meat: The general consumers view about camel meat is 
that it is unacceptably tough. Traditionally, camel meat comes mostly 
from old males and females that were primarily kept for milk, racing, and 
transportation rather than for meat production (Kurtu, 2004). Postmortem 
aging (conditioning) is a natural process that usually improves tenderness 
under refrigerated conditions. During ageing natural enzymes (cathepsins 
and proteases) found in muscles, breakdown proteins in muscle fibers 
resulting in improved tenderness. Tenderization is relatively at a rapid rate 
until 3 to 7 days post-mortem. Palatability attributes particularly, 
tenderness is the one most demanded by consumers, and the improvement 
in tenderness and flavor are the primary reasons for postmortem ageing 
(Campo et al., 2000). The risk of lipid peroxidation during cold storage of 
meat takes place in polyunsaturated fatty acids (PUFA) (most susceptible 
n-3 family) and causes quality deterioration. It results in the formation of 
malondialdehyde (MDA) and other oxidized products which are toxic to 
consumers and harmful to human health. The presence of antioxidants (the 
most efficient is Vitamin E.) prevent peroxidation of lipids and thus 
extends the shelf life of meat. It protects cell membranes from oxidation 
by reacting with lipid radicals produced in the lipid peroxidation chain 
reaction (Traber and Atkinson, 2007 and Herrera, 2001). This fact goes in 
line with the present results that MDA was low in the first days of ageing 
(1-3) and increased when vitamin E level decreased at the end of ageing 
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period (days 5-7). Supplementation of vitamin E to the animal feeds helps 
to extend meat shelf life and maintains good levels of vitamin to satisfy 
the recommended daily intake for humans (15 mg/day) stated by the Food 
and Nutrition Board, (2000). The commonly available source of stable 
vitamin E used in animal feed was synthetic dl-alpha-tocopheryl acetate. 
An alternative natural form of stable vitamin E was d-alpha-tocopheryl 
acetate, which was derived from vegetable oils (such as soybean, 
sunflower, and corn oil).  
 
Effect of sex on nutritive value of camel meat: There are numerous 
studies on the biological mechanisms involved in the expression of meat 
quality traits showing the combined effects of various production factors 
(e.g. age, sex, feeding, breed, etc …) on both the sensory attributes (e.g. 
color, texture, flavor) and biological characteristics of muscles (e.g. fibres, 
lipids, collagen) (Martinez- Cerzo et al., 2005).  Among these factors, the 
effect of sex has not been studied independently in camel meat. The 
present results revealed that female camel muscles were superior in 
chemical composition (dry matter, protein and fat content) compared to 
males. This agreed with the fact that sex is one of the ante-mortem factors 
contributing to variation in muscle characteristics by affecting muscle and 
fat depositions in the carcass (Panjono et al., 2009). Few studies had been 
conducted on the effects of sex on the value of camel meat. Regarding 
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amino acids, no sex differences had been found except for arginine which 
was significantly higher in females compared to males (P<0.05), although 
females appeared to have a high concentration of amino acids. In general, 
amino acids concentration was higher than that reported for cattle and 
sheep (Schonfeldt et al., 2010 and Peraza-Mercado et al., 2010). From 
health point of view, it is important to satisfy body requirements for amino 
acids. According to WHO, (2007) intake of about 0.18 g/ kg per day and 
0.48 g/ kg per day of indispensable and dispensable amino acids should be 
enough to maintain nitrogen homeostasis in healthy adults. This 
recommends camel meat as a healthy source of protein and essential 
amino acids. 
 
Recently, atherosclerotic cardiovascular disease (CVD) has become the 
leading cause of death in most developing countries (cardiovascular 
disease, coronary heart disease and stroke). It is agreed that saturated fatty 
acids (SFA) are known to raise cholesterol in human blood. In the present 
findings, palmitic acid was the major fatty acid in male and female 
muscles (22.4 and 23 %) and contributed mainly to the rise of the total 
SFA level. These percentages were low compared to previous results from 
other camel breeds (Kadim et al., 2011). In addition, the presence of oliec 
and linoleic fatty acids (the major MUFA and PUFA in muscle samples) 
were found at high levels compared to other fatty acids. These high levels 
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UFA would recommend camel meat as a healthy meat due to their positive 
effect on human health in addition to the presence of high levels of 
essential amino acids enhances the nutritive value of camel meat. This 
agrees with the fact that increasing consumption of MUFA and PUFA 
would lower plasma cholesterol (Glatz and Katan, 1993). Moreover, high 
concentration of ARA, EPA and DHA in camel meat would protect camel 
meat consumers from cardiovascular and inflammatory diseases as well as 
inhibition of the carcinoma cells in human colon. Furthermore, CLAs 
provide health protection by reducing carcinogenesis; reduce rate of fat 
deposition and stimulation of the immune system which agrees with the 
findings of Banni et al., (2002). It is worth to say that camels beside their 
high adaptability and ability to produce in harsh environments provide a 
healthy and high quality meat.   
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CHAPTER EIGHT 
CONCLUSIONS AND RECOMMENDATIONS 
 
The camel is unique in having an exceptional ability to survive and thrive 
under adverse conditions difficult for other livestock and able to produce 
food for the herders and inhabitants particularly in arid and semi-arid 
regions of the world. Camel meat has high nutritional value and health 
protection properties with low fat content and superior amounts of amino 
acids than other livestock species. Revenues from exports of camels to 
gulf countries contribute considerably to family income and national 
economy.  
 
The present work concludes and recommends the following:  
- Camel age has an important influence on the composition and quality 
of its meat. 
- Camel meat with its favourable low n-6/ n-3 and PUFA/ SFA, together 
with the high percentages of 18:1 delta 10-11 trans, trans11, cis 9 18:2, 
trans10, cis 12 18:2 provide a reliable source of healthy meat with high 
nutritive value compared to other farm animals. 
- High levels of vitamin E in camel meat would help to increase the 
shelf life of camel meat products. 
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- The high levels of amino acids particularly essential ones in camel 
meat would satisfy the recommended daily intake (RDI) for essential 
amino acids.  
- Extension services and education of camel herders are crucial to 
improve their way of living and production.  
- Drought is the main constraint of camel production which forced the 
herds to move southwards far from their living habitat in areas 
infested with Trypanosomosis transmitting flies and also result in 
conflicts between camel herder's and cultivators.   
- Feed supplementation and range re-habitation is needed to prevent 
under nutrition stress of animals and also to increase animal resistance 
to diseases and parasitic infestation.  
- Camel meat containing high levels of intramuscular fat should not be 
aged for periods longer than 7 days.  
- Camel meat consumption should be encouraged as a nutritious and 
healthy food commodity. 
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Questionnaire 
 
 
Husbandry practices of camel herds in Kababish home land 
(Dar El Kababish)-north Kordofan state, Sudan 
 
A. General Data: 
 
      1. Place of interview: ………………………………………………………. 
      2. Interviewed person: A. Owner……. B. Shepherd …….. C. Other …….. 
i.Name:…………………….………………ii.age…………………………..…. 
iii.Tribe:  …………………………….…. 
  iv. Education:  
         A. Illiterate: ………. B. Primary: ………… C. intermediate: …….… 
          D. Secondary:…………………….……….Other: ……………………               
3. Animals raised beside camels?. And why?. 
          A. Cattle  ……….     B. Sheep …………     C. Goats ……………. 
 
 
B. Camel herd composition:  
 i. Herd size: ………………………………………………………………….. 
ii. Herd structure:  
 
    No.           Purpose                 Newly born       Suckling     Weaned 
             Breeding   Fattening             
   Males 
   Females 
   Total 
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iii. Give the age and the local name of age groups? 
                          
Age                    Local name 
 
       ……………………………………………………………………. 
       ……………………………………………………………………. 
       ……………………………………………………………………. 
       ……………………………………………………………………. 
       …………………………………………………………………… 
 
 
 
C. Husbandry practices: 
   1. Management: 
        i. Practice of castration:  A. Yes …………..     B. No …………..….. 
        ii. Castration method used: ………………………………….……….. 
        iii. Objective of castration: ………………………………………....... 
             …………………………………………………………………….. 
        iv. No. and age of castrates?. 
                   
                                  Age                                No. of animals   
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2. Reproduction: 
    i. No. of breeding females:   
First parity …………………….     Multiparty ………………………………. 
 ii. Breeding season: …………………………………………………………… 
  iii. Breeding policy:  A. Inbreeding ………..      B. Cross breeding …..…… 
  iv. Why?. ………………………………………………………………..…… 
  v. Ratio between males and females?. ……………………………………….. 
  vi. Are the males mixed with females all the time (specify): ...…………….. 
………………………………………………………………………………….. 
 
3. Nutrition and grazing management: 
   i. Feeding strategy: A. Grazing………… B. Browsing…….. C. Both ……… 
   ii. Migration at different seasons:     A. Yes……….…   B. No. …………..... 
   
 iii. When do you start migration (months): From……………to ……………... 
       ……………………………………………………………………………… 
  iv. Which is preferred when dense cover of trees and shrubs found? And why?. 
       ……………………………………………………………………………… 
 vi. Names of browsing and grazing plants preferred by the animals?. 
      A. Browsing plants: ……………………………………………………. 
      B. Grazing plants: ………………………………………………………... 
 vii. Time spend on browsing or grazing?. …………………………………... 
 viii. Water intervals:  A. In summer ……………  B. In winter ……………. 
 ix. Use of concentrates as a supplementary feeding?. 
     A. cereals………. B. Oil cakes ………….  C. Molasses ……… D. Other 
(specify) ……………………………………………………………. 
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x. Concentrates are given to:………………………………………………. 
       
A. lactating    B. Dry adults    C. Castrated males    D. Young calves  3 years 
      E. Other (specify): ………………………………………………………… 
  xii. Identification of animals?. 
        A. Marking           B. Branding          C. Ear tagging 
  xiii. Position of marks on the animal body?. ……………………………… 
         …………………………………………………………………………. 
 
 
4. Diseases: 
     
 Local name            Classification                                      Treatment            
 
.................................................................................................................. 
.................................................................................................................. 
…………………………………………………………………………………….. 
……………………………………………………………………………………. 
 
 
 
5. Marketing of animals: 
    i. Types of Markets you often go to?. 
        A. Local markets (specify):……………………………………………. 
        B. Regional (specify): …………………………………………………. 
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 ii. No. sex, age and price of the animals marketed last year?. 
 
                 No.                  Sex                  Age                    Price 
                                     ?          ?  
      
 
 
 
 
 
   iii. Uses of money gained from sales?. 
       ………………………………………………………………………… 
       ………………………………………………………………..……… 
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